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METHODS FOR DIAGNOSIS AND
TREATMENT OF ENDOMETRIAL CANCER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of U.S. patent applica-
tion Ser. No. 11/884,806 filed on Oct. 9, 2008, and is a 35
USC 371 National Stage application of PCT International
Application No. PCT/US2006/007180 filed Feb. 28, 2006
which claims the benefit under 35 USC 119(e) to U.S. Pro-
visional Application No. 60/657,607 filed on Feb. 28, 2005,
all which are incorporated herein by reference in their
entirety.

STATEMENT OF GOVERNMENT SUPPORT

This invention was made with Government support under
Grant No. HD048540 awarded by the National Institutes of
Health. The Government has certain rights in this invention.

FIELD OF THE INVENTION

This invention relates in general to detecting and treating
cancers and more specifically to detecting and treating
endometrial cancer (EC).

BACKGROUND INFORMATION

Endometrial carcinoma (EC), the most common of the
gynecological malignancies, has 39,000 new cases and 6,500
deaths yearly. Premalignancy (atypical hyperplasia) is poorly
understood, and risk of recurrence and death is currently only
stratafiable by grade and stage parameters.

Preliminary treatment for EC is surgical excision. How-
ever, recurrence is significant, and chemotherapeutic man-
agement is only beneficial in a subset of individuals. Thus,
like most cancers, there is a need not only for new modalities
of treatment, but also for better identification of the prema-
lignant state, which may provide better opportunities for early
intervention and novel treatment modalities.

Reported clinical experiences have established that the
histopathologic finding of atypical endometrial hyperplasia
identifies individuals at elevated risk for subsequent EC risk.
However, such findings are not biddy predictive, indicating
heterogeneity in this population with regard to malignant
potential (e.g., a Pap test is helpful but undependable, since
30-40% of smears yield false-negative results).

Epithelial Membrane Protein 2 (EMP2), which is
expressed in the endometrium, is a four transmembrane pro-
tein which plays a critical role in selective receptor trafficking
of a variety of proteins and glycolipids, effecting transfer
from the post-Golgi endosomal compartment to the plasma
membrane, including the transfer of molecules important in
growth control, invasion, and metastasis. Accordingly, modu-
lation of EMP2 expression and localization causes pleiotro-
pic changes in the plasma membrane of selected members of
several classes of molecules, including integrins, MHC class
1 and other immunoglobulin superfamily members (e.g.,
CD54), and GPI-linked proteins. Moreover, EMP2 mediates
trafficking of these molecules to glycolipid-enriched lipid raft
microdomains (GEMS). GEMs are cholesterol rich micro-
domains on the plasma membrane, and are associated with
the sorting of proteins from the Golgi complex to the plasma
membrane. At the plasma membrane, GEMs are thought to be
important for receptor complexing and resultant signal trans-
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2
duction. It is possible that cells which utilize distinct GEMSs
may permit separate assembly and regulation of distinct sub-
sets of receptosomes.

With such profound consequences, disorders of EMP2
regulation may be a mode of pathogenesis, where alterations
in physiologic regulation of EMP2 compartmentalization
leads to neoplastic transformation.

SUMMARY OF THE INVENTION

The present invention relates to alterations in endothelial
membrane protein 2 (EMP2) expression and disorders of
EMP2 regulation which play a role in the pathogenesis of
endometrial premalignancies, and ultimately in the develop-
ment of endometrial cancer (EC). By correlating alterations
in the expression of EMP2 with disease status, EMP2 is
disclosed as a useful biological marker for diagnosis, staging,
imaging, and as a therapeutic target for the treatment of the
premalignant endometrial phenotype and EC.

In one embodiment, a method is disclosed for determining
the likelihood of a group of endometrial cells becoming can-
cerous, including determining the level of endothelial mem-
brane protein 2 (EMP2) polypeptide or polynucleotide in a
test sample, where increased levels of EMP2 polypeptide or
polynucleotide in the test sample relative to a control sample
correlates with the endometrial cells having an increased
likelihood of becoming cancerous. Thus, the invention pro-
vides a method for determining whether a subject has or is at
risk of having EC.

In a related aspect, immunohistochemistry is performed,
where the level of EMP2 expression is determined by anti-
body binding. In one aspect, the antibody binds to an amino
acid sequence as set forth in SEQ ID NO: 1. In a further
related aspect, determining the frequency of detecting EMP2
in a sample and comparing the frequency of detection with
multiple variables to generate multivariate models for the
identification of variables demonstrating statistical signifi-
cance for patient survival is disclosed, where such variables
include ER, PR, vascular, stage, diagnosis, disease status, and
survival status.

In another embodiment, a method for monitoring the pro-
gression of endometrial premalignancy in a subject is dis-
closed including determining the level of endothelial mem-
brane protein 2 (EMP2) polypeptide or polynucleotide in
endometrial cells obtained at a first time, determining the
level of EMP2 polypeptide or polynucleotide in endometrial
cells obtained at a second time, and comparing the levels of
EMP2 polypeptide or polynucleotide in the endometrial cells
at the first and second times, where increased levels of EMP2
polypeptide or polynucleotide at the second time relative to
the first time correlates with progression of endometrial pre-
malignancy to a cancerous stage.

In one embodiment, a method of monitoring the stage of
endometrial cancer in a subject is disclosed, including iden-
tifying a subject presenting endometrial cancer, determining
epithelial membrane protein 2 (EMP2) polypeptide or poly-
nucleotide level in a sample of endometrial tissue from the
subject to establish, a baseline EMP2 level for the subject,
measuring EMP2 polypeptide or polynucleotide level in an
endometrial tissue sample obtained from the same subject at
subsequent time points, and comparing the measured EMP2
polypeptide or polynucleotide level with the baseline EMP2
polypeptide or polynucleotide level, where an increase in
measured EMP2 polypeptide or polynucleotide levels in the
subject versus baseline EMP2 polypeptide or polynucleotide
levels is associated with a cancer which is progressing, and
where a decrease in measured EMP2 polypeptide or poly-
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nucleotide levels versus baseline EMP2 polypeptide or poly-
nucleotide levels is associated with a cancer which is regress-
ing or in remission.

In another embodiment, amethod for screening a candidate
compound that affects the endometrial premalignant pheno-
type is disclosed, including culturing endometrial tissue or
cells, determining the level of endothelial membrane protein
2 (EMP2) polypeptide or polynucleotide in the cultured tissue
or cells at a first time point, contacting the cultured tissue or
cells with a candidate compound, determining the level of
EMP2 polypeptide or polynucleotide into the cultured tissue
or cells subsequent to compound contact, and comparing the
levels of EMP2 before and after compound contact, where a
change in the amount of binding after compound contact
correlates with a compound induced alteration in the level of
EMP2.

In a related aspect, an increase in the level of EMP2 corre-
lates with the onset of or progression of an endometrial pre-
malignant cell phenotype. In a further related aspect, a
decrease in the level of EMP2 correlates with the regression
of an endometrial premalignant phenotype.

In one aspect, the candidate compound is a modulator of a
progesterone receptor DNA binding domain, NF-kB, a serum
response element, or PPAR.

In one embodiment, a method for molecular analysis of
endometrial samples is disclosed, including one or more
endometrial samples, which samples include at least one
control, exposing the one or more endometrial samples to
different biological reagents that react with one or more bio-
logical markers, where at least one of the markers is epithelia
membrane protein 2 (EMP2), performing one or more assays
to detect one or more of the biological markers in the samples,
and analyzing the assays to determine whether a reaction with
a biological marker has occurred in the different samples,
where an increase in the amount EMP2 in a sample relative to
the control correlates with endometrial cancer (EC). In one
aspect, images are obtained, where obtaining images com-
prises capturing digital images and storing the digital images.
Inanother aspect, the one or more assays are selected from the
group consisting of immunohistochemistry, PCR, or nucleic
acid hybridization.

In a related aspect, the molecular analysis is an analysis of
tissue, cellular, or subcellular distribution of the biological
marker.

In a further related aspect, the method includes annotating
information about the subjects and associating that informa-
tion with the results of the image analysis, thereby obtaining
correlations between the information and observed reactions.

In one embodiment, a method of treating endometrial can-
cer in a subject in need thereof is disclosed including admin-
istering a therapeutically effect amount of a pharmaceutical
composition comprising a candidate compound identified by
determining the level of endothelial membrane protein 2
(EMP2) expression in the cultured tissue or cells at a first time
point, contacting the cultured tissue or cells with a candidate
compound, determining the level of EMP2 expression into
the cultured tissue or cells subsequent to compound contact,
and comparing the levels of EMP2 before and after com-
pound contact, where a change in the amount of binding after
compound contact correlates with an agent induced alteration
in the level of EMP2, and where the compound inhibits EMP2
expression, thereby modulating the regulation of GPI-lipid
rafts and/or caveolae. In a related aspect, the modulation
decreases surface expression of integrins and/or fibronectin.

In another aspect, the method further includes the admin-
istering of a ribozyme directed against EMP2 mRNA.
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A method of treating endometrial cancer in a subject in
need thereof comprising monitoring the level of EMP2 in
combination with one or more therapeutic regimens.

In another embodiment, a kit is disclosed including an
anti-epithelial membrane protein 2 (EMP2) antibody or anti-
gen-binding fragment thereof, a container comprising an
agent for determining the level of EMP2 in a sample, a con-
trol, and instructions to provide guidance for carrying out the
assay embodied by the kit and for making a determination
based upon that assay. In a related aspect, the antibody or
antigen-binding fragment thereof is attached to a substrate,
which substrate is applied to a sample from a patient or to a
surface that may contain EMP2 and the surface of the sub-
strate is then processed to assess whether specific binding
occurs between the antibody and EMP2 or other component
of the sample.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows immunostaining of mouse endometrium
through the estrus cycle and mating. EMP2 expression was
visualized using DAB; hemotoxylin was used to stain nuclei.
Magnification, 600x.

FIG. 2A shows proliferative endometrium. The arrow
denotes the plasma membrane. Methyl green was used to
stain nuclei. Magnification: 600x.

FIG. 2B shows secretory endometrium. EMP2 staining
(purple) is upregulated on the plasma membrane in secretory
endometrium. Methyl green was used to stain nuclei. Magni-
fication: 600x.

FIG. 3 graphically illustrates EMP2 expression level.
EMP2 expression levels were scored from 0-3. Between 7-11
patients were analyzed in each group. EMP2 expression
increases with premalignant potential. Mean: Proliferative
Endometrium, 036; Disordered Proliferative, 1.43; Hyper-
plasia, 1.89; and Adenocarcinoma, 2.00. * denotes significant
differences between means compared to normal tissue using
the Student’s T-test.

FIG. 4 shows that EMP2 colocalizes with the GEM marker
cholera, toxin (CHTX) in (A) HEC1A and (B) RL.95-2 cells
in the presence of 1% Brij.

FIG. 5 illustrates graphically that EMP2 expression selec-
tively augments laminin binding. HEC1A stable transfor-
mants (vector, EMP2, and EMP2 ribozyme) were incubated
in wells with indicated proteins (serum free), and assayed for
adherence. Mean+/-SD for triplicate wells.

FIG. 6 shows screen shots from an Image Pro-Plus® sys-
tem.

FIG. 7 shows an example of automated image analysis.
Data is from a tissue microarray experiment of p27 staining in
prostate cancer. Computerized scope represents the percent-
age of cells positive (white bar) with intensity of the stain
(black bar). PIN, prostate intraepithelial neoplasia; BPH,
benign prostatic hyperplasia; nl, normal.

FIG. 8 illustrates Empties and TSPules as they guide traf-
ficking of proteins destined for the plasma membrane.

FIG. 9 graphically illustrates the correlation between over-
all survival and EMP2 expression.

FIG. 10 graphically illustrates the correlation between dis-
ease free survival and EMP2 expression.

FIG. 11 shows results from ELISA analysis of C-termini-
biotinylated human single chain Fv (scFv) peptides directed
against EMP2.

FIG. 12 shows results from ELISA analysis of N-termini-
biotinylated human scFv peptides directed against EMP2.

FIG. 13 shows results from ELISA analysis of C-termini-
biotinylated mouse scFv peptides directed against EMP2.
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FIG. 14 illustrates how scFvs can be fused (e.g., by using
SEQ ID NO:3) to intact Fc region containing C.sub.H1,
C.sub.H2 and/or C.sub.H3 domains to produce intact chi-
meric antibody. FIG. 14 A depicts an intact chimeric antibody,
a scFv-Fc antibody, and a minibody. FIG. 14B depicts a
backbone drawing of a chimeric antibody. FIG. 14C depicts
the insertion of SEQ ID NO:3 into an intact Fc region con-
taining V;, V, C;2, and C,3 domains to produce an intact
chimeric antibody.

DETAILED DESCRIPTION OF THE INVENTION

Before the present composition, methods, and culturing
methodologies are described, it is to be understood that this
invention is not limited to particular compositions, methods,
and experimental conditions described, as such composi-
tions, methods, and conditions may vary. It is also to be
understood that the terminology used herein is for purposes of
describing particular embodiments only, and is not intended
to be limiting, since the scope of the present invention will be
limited only in the appended claims.

As used in this specification and the appended claims, the
singular forms “a”, “an”, and “the” include plural references
unless the context clearly dictates otherwise. Thus, for
example, references to “the method” includes one or more
methods, and/or steps of the type described herein which will
become apparent to those persons skilled in the art upon
reading this disclosure and so forth.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of
the invention, as it will be understood that modifications and
variations are encompassed within the spirit and scope of the
instant disclosure. All publications mentioned herein are
incorporated herein by reference in their entirety.

An “annotation”, refers to retrievably stored information
that relates to the region of interest, the tissue sample, the
tissue specimen, the tissue section, the tissue microarray, or
the tissue block. For example, an annotation may be retriev-
ably stored information regarding the source of a tissue
sample; clinical, medical or demographic information about
the donor of the tissue specimen; time, manner, location and/
or institution in which the specimen was obtained; method of
fixation, if any; type of tissue; histological or pathological
features observable within the tissue, such as tumor type,
tumor grade, acute and/or chronic inflammation, thromboses,
or examples of normal (nondiseased) tissue or cells; informa-
tion that enables location of histological or pathological fea-
tures; tissue, cellular, or subcellular location and/or quantity
otf’biological markers of interest; location information regard-
ing one or more reference points or indicia in a tissue section,
a tissue microarray section, or a tissue block; information
regarding the distance of one or more reference points or
indicia from a region of interest; information that enables
location and/or retrieval of other tissue samples, tissue speci-
mens, tissue sections, tissue microarrays, or tissue blocks,
that may share one or more features in common with the
tissue sample, section, microarray, etc. that is the subject of
the annotation. The descriptions of the types of annotations
that are possible are intended to be illustrative and not exhaus-
tive. Virtually any type of information may the subject of en
annotation. For example, an investigator may hypothesize
that the development of a particular type of cancer, or a
particular inflammatory or infectious disease, is related to an
individual’s family history, astrological sign, birthplace, level
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of education, or exposure to a particular kind of animal. All
such information could readily be stored as an annotation
associated with the region of interest, tissue sample, tissue
section, tissue microarray, or a tissue block. The annotation
would then be available for review, and could serve as a tag for
locating and/or retrieving tissue specimens, tissue microar-
rays, regions of interest, etc.

An “array” refers to a grouping or an arrangement, without
necessarily being a regular arrangement.

“Antibody” refers to a polypeptide ligand substantially
encoded by an immunoglobulin gene or immunoglobulin
genes, or fragments thereof, which specifically binds and
recognizes an epitope (e.g., an antigen). The recognized
immunoglobulin genes include the kappa and lambda light
chain constant region genes, the alpha, gamma, delta, epsilon
and mu heavy chain constant region genes, and the myriad
immunoglobulin variable region genes. Antibodies exist, e.g.,
as intact immunoglobulins or as a number of well character-
ized fragments produced by digestion with various pepti-
dases. This includes, e.g., Fab' and F(ab)', fragments. The
term “antibody”, as used herein, also includes antibody frag-
ments either produced by the modification of whole antibod-
ies or those synthesized de novo using recombinant DNA
methodologies. It also includes polyclonal antibodies, mono-
clonal antibodies, chimeric antibodies, and humanized anti-
bodies.

A “Dbiological analysis” or “bioanalysis” is an analytical
technique for obtaining biological information about a sub-
strate, such as a tissue specimen. Particular examples of such
techniques are the use of histological stains (such as H&E),
immunohistochemical markers such as labeled antibodies for
antigens of interest, and nucleic acid probes for detecting
mRNA, DNA and other nucleic acids in the cells. Antibodies
and other genetically engineered detection probes, antibody
fragments, and reagents can be used. Nucleic acid probes
could be used on proteins and antibodies to detect nucleic acid
targets.

A “biological marker” is a biomolecule, a biochemical
label, or other biological label that identifies a structure or
function of interest in a biological specimen/sample.

“Biological assay” is a method of biological analysis, in
which a biological substrate of interest is reacted with chemi-
cals or biochemicals, where the reaction can be used to char-
acterize the substrate (e.g., by function, presence or absence,
etc.). Examples of biological assays are innumerable, and
include DNA sequencing, restriction fragment length poly-
morphism determination, Southern blotting and other forms
of DNA hybridization analysis, determination of single-
strand conformational polymorphisms (Sakar et al., Nucleic
Acid Res (1992) 20:871-8), comparative genomic hybridiza-
tion (Kallioniemi et al., Science (1992) 258: 818-21), mobil-
ity-shift DNA binding assays, protein gel electrophoresis,
Northern blotting and other forms of RNA hybridization
analysis, protein purification, chromatography, immunopre-
cipitation, protein sequence determination. Western blotting
(protein immunoblotting), ELISA and other forms of anti-
body-based protein detection, isolation of biomolecules for
use as antigens to produce antibodies, PCR, RT PCR, differ-
ential display of mRNA by PCR (known in the art as differ-
ential display; Liang etal., Science (1992)257:967-72), serial
analysis of gene expression (U.S. Pat. No. 5,695,537), protein
truncation test (Wimmer et al., Human Mutation (2000)
16(1):90-1; Moore et al., Molecular Biotechnology (2000)
14(2):89-97; Den Dunnen et al., Human Mutation (1999)
14(2):95-102). Protocols for carrying out these and other
forms of cell free analysis are readily available to those skilled
in the art, for example in Ausubel et al., Current Protocols in
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Molecular Biology, (c) 1998, John Wiley & Sons Ausubel et
al., Short Protocols in Molecular Biology, (¢) 1999, John
Wiley & Sons; Maniatis et al., Molecular Cloning: A Labo-
ratory Manual; and the series of publications known as Meth-
ods in Enzymology.

“Detecting” refers to determining the presence, absence, or
amount of an analyte in a sample, and can include quantifying
the amount of the analyte in a sample or per cell in a sample.

“Diagnostic” refers to identifying the presence or nature of
a pathologic condition Diagnostic methods differ in their
specificity and sensitivity. While a particular diagnostic
method may not provide a definitive diagnosis of a condition,
it suffices if the method provides a positive indication that
aids in diagnosis.

“Nucleic acid sequence”, “nucleotide sequence” and
“polynucleotide sequence” as used herein refer to an oligo-
nucleotide or polynucleotide, and fragments or portions
thereof, and to DNA or RNA of genomic or synthetic origin
which can be single- or double-stranded, and represent the
sense or antisense strand.

A “ribozyme” is a molecule of RNA that has catalytic
activity. The ribozymes of the invention are antisense oligo-
nucleotides that bind and enzymatically cleave and inactivate
EMP2 RNA. Useful ribozymes can comprise 5'- and 3'-ter-
minal sequences complementary to the EMP2 RNA and can
be engineered by one of skill on the basis of the EMP2 RNA
sequence. Ribozymes of the invention include those having
characteristics of group I intron ribozymes (Cech, 1995, Bio-
technology 13:323) and others of hammerhead ribozymes
(Edgington, 1992, Biotechnology 10:256).

Ribozymes of the invention include those having cleavage
sites, such as GUA, GUU and GUC, Other optimum cleavage
sites for ribozyme-mediated inhibition of telomerase activity
in accordance with the present invention include those
described in PCT Publications WO 94/02595 and WO
93/23569, both incorporated herein by reference. Short RNA
oligonucleotides between 15 and 20 ribonucleotides in length
corresponding to the region of the target EMP2 gene contain-
ing the cleavage site can be evaluated for secondary structural
features that may render the oligonucleotide more desirable.
The suitability of cleavage sites may also be evaluated, by
testing accessibility to hybridization with complementary oli-
gonucleotides using ribonuclease protection assays, or by
testing for in vitro ribozyme activity in accordance with stan-
dard procedures known in the art.

As described by Hu et al., PCT Publication WO 94/03596,
incorporated herein by reference, antisense and ribozyme
functions can be combined in a single oligonucleotide. More-
over, ribozymes can comprise one or more modified nucle-
otides or modified linkages between nucleotides, as described
above in conjunction with the description of illustrative anti-
sense oligonucleotides of the invention.

As used herein, the terms “oligonucleotides” and “oligo-
mers” refer to a nucleic acid sequence of at least about 10
nucleotides and as many as about 60 nucleotides, preferably
about 15 to 30 nucleotides, and more preferably about 20-25
nucleotides, which can be used as a probe or amplimer.

An “antisense” oligonucleotide is a polynucleotide that is
substantially or fully complementary to a target EMP2 poly-
nucleotide and has the ability to specifically hybridize to the
target EMP2 polynucleotide.

As used herein, the terms “complementary” or “comple-
mentarity” are used in reference to “polynucleotides” and
“oligonucleotides” (which are interchangeable terms that
refer to a sequence of nucleotides) related by base comple-
mentarity. Complementarity can be “partial” or “total”. “Par-
tial” complementarity is where one or more nucleic acid
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bases is not matched according to the base pairing rules.
“Total” or “complete” complementarity between nucleic
acids is where each and every nucleic acid base is matched
with another base under the base pairing rules. The degree of
complementarity between nucleic acid strands has significant
effects on the efficiency and strength of hybridization
between nucleic acid strands. This is of particular importance
in amplification reactions, as well as detection methods which
depend upon binding between nucleic acids.

As used herein, the term “hybridization” is used in refer-
ence to the pairing of complementary nucleic acids using any
process by which a strand of nucleic acid joins with a comple-
mentary strand through base pairing to form a hybridization
complex. Hybridization and the strength of hybridization
(i.e., the strength of the association between the nucleic acids)
is impacted by such factors as the degree of complementarity
between the nucleic acids, stringency of the conditions
involved, the T,, of the formed hybrid, and the G:C ratio
within the nucleic acids.

The phrase “hybridization conditions” refers to conditions
under which a probe will hybridize to its target subsequence,
typically in a complex mixture of nucleic acids, but to no
other sequences. Stringent conditions are sequence-depen-
dent and will be different in different circumstances. Longer
sequences hybridize specifically at higher temperatures. An
extensive guide to the hybridization of nucleic acids is found
in Tijssen, 1993, “Overview of principles of hybridization
and the strategy of nucleic acid assays,” in Techniques in
Biochemistry and Molecular Biology—Hybridization with
Nucleic Probes. Generally, stringent conditions are selected
to be about 5-10° C. lower than the thermal melting point (T,,)
for the specific sequence at a defined ionic strength and pH.
The T,, is the temperature (under defined ionic strength, pH,
and nucleic concentration) at which 50% of the probes
complementary to the target hybridize to the target sequence
at equilibrium (as the target sequences are present in excess,
atT,,, 50% of the probes are occupied at equilibrium). Strin-
gent conditions will be those in which the salt concentration
is less than about 1.0 M sodium ion, typically about 0.01 to
1.0 M sodium ion concentration (or other salts) at pH 7.0 to
8.3 and the temperature is at least about 30° C. for short
probes (e.g., 10to 50 nucleotides) and at least about 60° C. for
long probes (e.g., greater than 50 nucleotides). Stringent con-
ditions may also be achieved with the addition of destabiliz-
ing agents such as formamide. For selective or specific
hybridization, a positive signal is at least two times back-
ground, preferably 10 times background hybridization.
Exemplary stringent hybridization conditions can be as fol-
lows: 50% formamide, 5xSSC, and 1% SDS, incubating at
42°C., or, 5xSSC, 1% SDS, incubating at 65° C., with a wash
in 0.2xSSC, and 0.1% SDS at 65° C.

“Amplification” is defined as the production of additional
copies of a nucleic acid sequence and is generally carried out
using polymerase chain reaction technologies well known in
the art (“PCR Primer, a Laboratory Manual” (1995), Eds. C.
W. Dieffenbach, and G. S. Dveksler, Cold Spring Harbor
Press, Plainview N.Y.). As used herein, the term “polymerase
chain reaction” (“PCR”) refers to the method of K. B. Mullis
U.S. Pat. Nos. 4,683,195 and 4,683,202, hereby incorporated
by reference, which describe a method for increasing the
concentration of a segment of a target sequence in a mixture
of genomic DNA without cloning or purification. The length
of the amplified segment of the desired target sequence is
determined by the relative positions of two oligonucleotide
primers with respect to each other, and therefore, this length
is a controllable parameter. By virtue of the repeating aspect
of the process, the method is referred to as the “polymerase
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chain reaction” (hereinafter “PCR”). Because the desired
amplified segments of the target sequence become the pre-
dominant sequences (in terms of concentration) in the mix-
ture, they are said to be “PCR amplified”.

The term “reverse transcription polymerase chain reac-
tion” and “RT-PCR” refer to a method for reverse transcrip-
tion of an RNA sequence to generate a mixture of cDNA
sequences, followed by increasing the concentration of a
desired segment of the transcribed cDNA sequences in the
mixture without cloning or purification. Typically, messenger
RNA (mRNA) is reverse transcribed using a single primer
(e.g., an oligo-dT primer) prior to PCR amplification of the
desired segment of the transcribed DNA using two primers.

As used herein, the term “primer” refers to an oligonucle-
otide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which is capable of acting as
a point of initiation of synthesis when placed under condi-
tions in which synthesis of a primer extension product which
is complementary to a nucleic acid strand is induced, (i.e., in
the presence of nucleotides and of an inducing agent such as
DNA polymerase and at a suitable temperature and pH). The
primer is preferably single stranded for maximum efficiency
in amplification, but may alternatively be double stranded. If
double stranded, the primer is first treated to separate its
strands before being used to prepare extension products. Pref-
erably, the primer is an oligodeoxyribonucleotide. The primer
must be sufficiently long to prime the synthesis of extension
products in the presence of the inducing agent. The exact
lengths of the primers will depend on many factors, including
temperature, source of primer, and the use of the method.

As used herein, the term “probe” refers to an oligonucle-
otide (i.e., a sequence of nucleotides), whether occurring
naturally as in a purified restriction digest or produced syn-
thetically, recombinantly or by PCR amplification, which is
capable of hybridizing to another oligonucleotide of interest.
A probe can be single-stranded or double-stranded. Probes
are useful in the detection, identification and isolation of
particular gene sequences. It is contemplated that any probe
used in the present invention will be labeled with any
“reporter molecule”, so that it is detectable in any detection
system, including, but not limited to enzyme, fluorescent,
radioactive, and luminescent systems.

“Immunoassay” refers to a method of detecting an analyte
in a sample involving contacting the sample with an antibody
that specifically binds to the analyte and detecting binding
between the antibody and the analyte. A variety of immunoas-
say formats can be used to select antibodies specifically
immunoreactive with a particular protein. For example, solid-
phase ELISA immunoassays are routinely used to select
monoclonal antibodies specifically immunoreactive with a
protein. See Harlow and Lane, in “Antibodies, A Laboratory
Manual” (1988), Cold Spring Harbor Publications, New
York, for a description of immunoassay formats and condi-
tions that can be used to define specific immunoreactivity.

“Immunohistochemical” (abbreviated IHC) refers to spe-
cific binding agents, such as polyclonal and monoclonal anti-
bodies, which recognize and mark antigens of interest, often
by a chemical that shows that the agent has hound to the
antigen of interest. An example of an IHC agent is EMP2
monoclonal antibody.

A “microarray” is an array that is miniaturized so as to
require microscopic examination for visual evaluation.

Unless indicated otherwise by context, a “tissue specimen”
refers to an intact piece of tissue, for example embedded in
medium. A “tissue sample” refers to a sample taken from the
specimen, or a sectioned portion of the sample. A sample can
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be either a tissue sample or a sample of other biological
material, such as a liquid cellular suspension.

An observer can be a person viewing a slide with a micro-
scope or an observer who views digital images acquired.
Alternatively, an observer can be a computer-based image
analysis system, which automatically observes, analyses, and
quantitates biological arrayed samples with or without user
interaction.

A “specific binding agent” is an agent that recognizes and
binds substantially preferentially to a biological marker of
interest, so that the agent provides potentially useful infor-
mation about the biological marker. Examples of specific
binding agents are polyclonal and monoclonal antibodies for
an antigen of interest; proteins and proteins derivatives that
interact or bind to other (for example, calmodulin or a labeled
calmodulin derivative;), and nucleic acid probes such as DNA
and RNA probes.

The term “tissue” as used herein includes cellular speci-
mens unless the context clearly dictates otherwise. Such cel-
Iular specimens include, for example, cervical cell samples,
vaginal washings, cell samples obtained by endoscopy, blood
cells, bacteria, fungi, yeasts, and the like.

A “tumor” is a neoplasm that may be either malignant or
non-malignant, “Tumors of the same tissue type” refers to
primary tumors originating in a particular organ (such as
endometrial, bladder, or lung). Tumors of the same tissue type
may be divided into tumors of different sub-types (a classic
example being bronchogenic carcinomas (lung tumors)
which can be an adenocarcinoma, small cell, squamous cell,
or large cell tumor).

The present invention relates to diagnostic assays, both
quantitative and qualitative for detecting levels of EMP2
polypeptide or EMP2 nucleic acids in cells, tissues and bodily
fluids, including determination of normal and abnormal lev-
els. By “EMP2 polypeptide” is meant a protein or fragment
thereof having an amino acid sequence identical to or sub-
stantially similar to that disclosed for EMP2 in WO
05/055808. Polypeptides which are “substantially similar” to
the EMP2 protein disclosed in WO 05/055808 may contain
conservative amino acid substitutions which do not alter the
structure or activity of the EMP2 protein. By “EMP2 nucleic
acids” is it meant to include both RNA and DNA encoding the
EMP2 protein as disclosed in WO 05/055808 or a polypeptide
with the same structure and activity. Thus, a diagnostic assay
in accordance with the present invention for detecting over-
expression of an EMP2 polypeptide compared to normal
control bodily fluids or tissue samples via detection of
elevated polypeptide or transcription levels may be used to
detect the presence of cancers, including endometrial cancer.

Assay techniques that can be used to determine levels of a
polypeptide or transcription levels of a gene, such as EMP2 of
the present invention, in a sample derived from a host are
well-known to those of skill in the art. Such assay methods
include, but are not limited to, radioimmunoassays, reverse
transcriptase PCR (RT-PCR) assays, gridding, immunohis-
tochemistry assays, in situ hybridization assays, competitive-
binding assays, Western Blot analyses and ELISA assays.
Among these, ELISAs are frequently used to detect a gene’s
expressed protein in biological fluids. An ELISA assay ini-
tially comprises preparing an antibody, if not readily available
from a commercial source, specific to EMP2, preferably a
monoclonal antibody. In addition, a reporter antibody gener-
ally is prepared which binds specifically to EMP2. The
reporter antibody is attached to a detectable reagent such as a
radioactive, fluorescent or enzymatic reagent, for example
horseradish peroxidase enzyme or alkaline phosphatase.
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Nucleic acid methods can also be used to detect transcrip-
tion levels of EMP2 as a marker for abnormal cell growth
indicative of endometrial cancer. Polymerase chain reaction
(PCR) and other nucleic acid methods, such as ligase chain
reaction (LCR) and nucleic acid sequence based amplifica-
tion (NASABA), can be used to detect malignant cells for
diagnosis and monitoring of various malignancies. For
example, reverse-transcriptase PCR(RT-PCR) is a powerful
technique which can be used to detect the presence of a
specific mRNA population in a complex mixture of thousands
of'other mRNA species. In RT-PCR, an mRNA species is first
reverse transcribed to complementary DNA (¢cDNA) with use
of'the enzyme reverse transcriptase; the cDNA is then ampli-
fied as in a standard PCR reaction. RT-PCR can thus reveal by
amplification the presence of a single species of mRNA.
Accordingly, if the mRNA is highly specific for the cell that
produces it, RT-PCR can be used to identify the presence of a
specific type of cell.

Hybridization to clones arrayed on a grid can be used to
both detect the expression of and quantitate the level of
expression of that gene (gridding). It this approach, a cDNA
encoding the EMP2 gene is fixed to a substrate. The substrate
may be of any suitable type including but not limited to glass,
nitrocellulose, nylon or plastic. DNA encoding the EMP2
clone is attached to the substrate and then incubated with the
analyte, which may be RNA or a complementary DNA
(cDNA) copy of the RNA, isolated from the tissue of interest.
Hybridization between the substrate bound clone and the
analyte can be detected and quantitated by several means
including, but not limited to, radioactive labeling or fluores-
cence labeling of the analyte or a secondary molecule
designed to detect the hybrid. Quantitation of the level of gene
expression can be done by comparison of the intensity of the
signal from the analyte compared with that determined from
known standards. The standards can be obtained by in vitro
transcription of the target gene, quantitating the yield, and
then using that material to generate a standard curve.

The above tests can be carried out on samples derived from
patients’ bodily fluids and tissue extracts (homogenates or
solubilized tissue) such as from tissue biopsy and autopsy
material. Levels of EMP2, determined in cells and tissues
from a patient suspected of suffering from endometrial cancer
by measuring the polypeptide or by transcription levels, are
compared to levels of EMP2 in normal or control cells or
tissues. Elevated levels of EMP2 measured in the patient as
compared to levels in the same cells, tissues, or bodily fluids
obtained from normal, healthy individuals are indicative of
endometrial cancer. By “elevated levels” it is meant an
increase in measured EMP2 levels in a patient as compared to
EMP2 levels in the same normal cells or tissues. Detection of
elevated EMP2 levels is useful in the diagnosis of endometrial
cancet.

Further, monitoring of EMP2 levels in a patient diagnosed
with endometrial cancer is useful in determining the onset of
metastases in cancers which have not yet metastasized and in
determining the stage of the cancer. For example, detection of
EMP2 can be used in a method of monitoring endometrial
cancer in a patient which has not metastasized for the onset of
metastasis. In this method, a patient suffering from endome-
trial cancer that is not known to have metastasized is identi-
fied. EMP2 levels in a sample from the patient are then mea-
sured. These measured EMP2 levels are then compared with
levels of EMP2 from a normal control sample. An increase in
measured EMP2 levels in the patient versus the normal con-
trol is associated with a cancer which has metastasized.

The stage of endometrial cancer or uterine cancer in a
patient suffering from endometrial cancer can also be deter-
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mined. In this method a patient suffering from endometrial
cancer is identified. EMP2 levels in a sample of tissue from
the patient are measured to establish a baseline EMP2 level
for said patient. EMP2 levels in samples of the same tissue are
then determined at subsequent time periods such as scheduled
check-ups with the patient’s physician. Measured EMP2 lev-
els are then compared with the baseline EMP2 levels for the
patient. In this method, an increase in measured EMP122
levels in the patient versus baseline EMP2 levels in the patient
is associated with a cancer which is progressing and a
decrease in measured EMP2 levels versus baseline EMP2
levels is associated with a cancer which is regressing or in
remission. Increases in measured EMP2 levels as compared
to baseline EMP?2 levels established for the patient may also
be indicative of metastases.

In one embodiment, EMP2 immunohistochemistry func-
tions as an “index diagnostic” to assign risk based on the
presence of EMP2 expression. Therefore, based on this and
other parameters (e.g., size of lesion), one can determine
whether or not different therapeutic modalities (i.e., chemo-
therapy, radiation therapy, surgery) should be used. In a
related aspect, methods for monitoring progression of
endometrial premalignancy into a malignant phenotype is
disclosed. For example, by using serial sampling (i.e., biopsy)
of the endometrial tissue and observing the state of EMP2
expression in the lesions (e.g., individual endometrial
glands), one can determine whether or not the endometrial
premalignancies are progressing in a way that would indicate
whether therapeutic intervention is advised or is successful.

One aspect of the invention is a method to determine the
likelihood of a group of endometrial cells to become cancer-
ous e.g., for these cells or glands to become premalignancies
or progress to cancerous lesions. The endometrium is the
uterine mucous membrane above the level of the internal os.
The endometrium consists of a number of subsections such as
the endometrial glands, epithelium lining of the endometrial
surface, and the stroma (Novak’s Gynecologic and Obstetric
Pathology with Clinical and Endocrine Relations, E. R.
Novak, and J. D. Woodruff, W B Saunders, Philadelphia,
1979.pp 171-172). The invention utilizes an agent, such as an
antibody, that specifically binds to EMP2 protein to assess
levels of EMP2 in endometrial tissue and cells. EMP2 expres-
sion in endometrial cells and tissue may also be assessed
using nucleic acid analysis, such as selective amplification, or
hybridization methods. A level of EMP2 above normal or
control levels, indicates an increased likelihood that prema-
lignant endometrial disease is present i.e., that the endome-
trial cells or tissues are premalignant.

According to the present invention, an agent that specifi-
cally binds to EMP2 is used in diagnosis of endometrial
premalignancies. Preferably agents that bind EMP2 are
EMP2 antibodies or antigen-binding fragments thereof,
including polyclonal and monoclonal antibodies, prepared
according to conventional methodology. Antibodies and anti-
gen-binding fragments thereof that bind EMP2 are useful for
determining EMP2 levels. Thus, terms such as “EMP2 anti-
body bound to the group of endometrial cells or glands” and
“binding of the EMP2 antibody to the endometrial cell or
gland” means the ability of the antibody to bind to and dis-
tinguish EMP2 from other proteins. As used herein, the term
“antibody” is meant to include antibody or antigen-binding
fragment thereof.

Antibodies and antigen-binding fragments thereof that
bind EMP2 molecules and are useful for determining EMP2
levels, include but are not limited to: antibodies or antigen-
binding fragments thereof that bind specifically to EMP2 and
antibodies that bind specifically to fragments of EMP2.
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Also useful in the invention are endometrial cell-associated
molecules and the nucleic acids that encode them. Examples
of' endometrial cell-associated molecules are estrogen recep-
tor polypeptides and progesterone receptor polypeptides.
Endometrial cell markers are also useful in this invention and
these are molecules that bind to the endometrial cell-associ-
ated molecules and include, but are not limited to: ligands
such as estrogen and progesterone, and antibodies or antigen-
binding fragments thereof that specifically bind to estrogen
receptor polypeptides or progesterone receptor polypeptides.

Significantly, as is well-known in the art, only a small
portion of an antibody molecule, the paratrope, is involved in
the binding of the antibody to its epitope (see, in general,
Clark, W. R. (1986) The Experimental Foundations of
Modem Immunology, Wiley & Sons, Inc., New York; Roitt, L.
(1991) Essential Immunology, 7th Ed., Blackwell Scientific
Publications, Oxford). The pFc' and Fe regions, for example,
are effectors of the complement cascade but are not involved
in antigen binding. An antibody from which the pFc' region
has been enzymatically cleaved, or which has been produced
without the pFc' region, designated an F(ab'), fragment,
retains both of the antigen binding sites of an intact antibody.
Similarly, an antibody from which the Fc region has been
enzymatically cleaved, or which, has been produced without
the Fc region, designated an Fab fragment, retains one of the
antigen binding sites of an intact antibody molecule. Proceed-
ing further, Fab fragments consist of a covalently bound anti-
body light chain and a portion of the antibody heavy chain
denoted Fd. The Fd fragments are the major determinant of
antibody specificity (a single Fd Fragment may be associated
with up to ten different light chains without altering antibody
specificity) and Fd fragments retain epitope-binding ability in
isolation.

Within the antigen-binding portion of an antibody, as is
well-known, in the art, there are complementarity determin-
ing regions (CDRs), which directly interact with the epitope
of the antigen, and framework regions (Frs), which maintain
the tertiary structure of the paratope (see, in general, Clark, W.
R. (1986) The Experimental Foundations of Modem Immu-
nology, Wiley & Sons, Inc, New York; Roitt, I. (1991) Essen-
tial Immunology, 7th Ed., Blackwell Scientific Publications,
Oxford). In both the heavy chain Fd fragment and the light
chain of IgG immunoglobulins, there are four framework
regions (FR1 through FR4) separated respectively by three
complementarity determining regions (CDR1 through
CDR3). The CDRs, and in particular the CDR3 regions, and
more particularly the heavy chain CDR3, are largely respon-
sible for antibody specificity.

It is now well-established in the art that the non-CDR
regions of a mammalian antibody may be replaced with simi-
lar regions of conspecific or heterospecific antibodies while
retaining the epitopic specificity of the original antibody. This
is most clearly manifested in the development and use of
“humanized” antibodies in which non-human CDRs are
covalently joined to human FR and/or Fc/pFc' regions to
produce a functional antibody. See, e.g., U.S. Pat. Nos. 4,816,
567, 5,225,539, 5,585,089, 5,693,762 and 5,859,205.

Fully human monoclonal antibodies also can be prepared
by immunizing mice transgenic for large portions of human
immunoglobulin heavy and light chain loci. Following immu-
nization of these mice (e.g., XenoMouse (Abgenix), HUIMAb
mice (Medarex/GenPharm)), monoclonal antibodies can be
prepared according to standard hybridoma technology. These
monoclonal antibodies will have human immunoglobulin
amino acid sequences and therefore will not provoke human
anti-mouse antibody (HAMA) responses when administered
to humans.
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Thus, as will be apparent to one of ordinary skill in the art,
the present invention also provides for F(ab'"),, Fab, Fvand Fd
fragments; chimeric antibodies in which the Fc and/or FR,
and/or CDR1 and/or CDR2 and/or light chain CDR3 regions
have been replaced by homologous human or non-human
sequences; chimeric F(ab'), fragment antibodies in which the
FR and/or CDR1 and/or CDR2 and/or light chain CDR3
regions have been replaced by homologous human or non-
human sequences; chimeric Fab fragment antibodies in
which the FR and/or CDR1 and/or CDR2 and/or light chain
CDR3 regions have been replaced by homologous human or
non-human sequences; and chimeric Fd fragment antibodies
in which the FR and/or CDR1 and/or CDR2 regions have
been replaced by homologous human or non-human
sequences. The present invention also includes so-called
single chain antibodies.

Thus, the invention involves polypeptides of numerous size
and type that bind specifically to EMP2 molecules. These
polypeptides may be derived also from sources other than
antibody technology. For example, such polypeptide binding
agents can be provided by degenerate peptide libraries which
can be readily prepared in solution, in immobilized form or as
phage display libraries. Combinatorial libraries also can be
synthesized of peptides containing one or more amino acids.
Libraries further can be synthesized of peptoids and non-
peptide synthetic moieties.

Phage display can be particularly effective in identifying
binding peptides useful according to the invention. Briefly,
one prepares a phage library (using e.g., m13, fd, or lambda
phage), displaying inserts from 4 to about 80 amino acid
residues using conventional procedures. The inserts may rep-
resent, for example, a completely degenerate or biased array.
One then can select phage-bearing inserts which bind to
EMP2 molecules. This process can be repeated through sev-
eral cycles of reselection of phage that bind to the EMP2
molecules. Repeated rounds lead to enrichment of phage
bearing particular sequences. DNA sequence analysis can be
conducted to identify the sequences of the expressed
polypeptides. The minimal linear portion of the sequence that
binds to the EMP2 molecules can be determined. One can
repeat the procedure using a biased library containing inserts
containing part of all of the minimal linear portion plus one or
more additional degenerate residues upstream or downstream
thereof. Yeast two-hybrid screening methods also may be
used to identify polypeptides that hind to the EMP2 mol-
ecules. Thus, EMP2 molecules can be used to screen peptide
libraries, including phage display libraries, to identify and
select peptide binding partners of the EMP2 molecules.

As detailed herein, the foregoing antibodies and other
binding molecules may be used for example to isolate and
identify EMP2 protein. The antibodies may be coupled to
specific diagnostic labeling agents for imaging of the protein
or fragment thereof. The antibodies may also be used for
immunoprecipitation, and immunoblotting EMP2 using stan-
dard methods known to those of ordinary skill in the art.

The immunohistochemistry assays described herein are
carried out on samples (specimens) obtained from subjects.
As used herein, a subject is a human, non-human primate,
cow, horse, pig, sheep, goat, dog, cat, or rodent. In all embodi-
ments, human subjects are preferred. As used herein, samples
may be endometrial tissue or cells and may be obtained
through standard methods such as biopsy, curettage or from
body fluids such as menstrual fluid.

Particularly, important groups of subjects to which the
present invention can be applied are premenopausal subjects,
subjects suspected not to have endometrial cancer, subjects
suspected of having endometrial cancer, and subjects with
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elevated unopposed estrogen levels. The term “unopposed
estrogen” as used herein, means estrogen without progestin
(Harrisons, Vol 14, Principles of Internal Medicine, Eds.
Fauci, A. S., E. Braunwald, K. J. Isselbacher, J. D. Wilson, J.
B. Martin, D. L. Kasper, S. L. Hauser, D. L.. Longo, Tviti-
Graw-Hill, N.Y., 1999). The term “elevated” as used herein,
means levels of unopposed estrogen that exceed normal
ranges, which are well known to one of ordinary skill in the
medical arts. Elevated estrogen levels may arise from exog-
enous sources including, but not limited to, administration of
estrogen without simultaneous progestin treatment. Elevated
unopposed estrogen levels may also arise from endogenous
sources such as polycystic ovarian disease.

The assay described herein involves measuring levels of
EMP2 expression. Levels of EMP2 can be determined in a
number of ways when carrying out the various methods of the
invention. One measurement of the level of EMP2 is a mea-
surement of absolute levels of EMP2. This could be
expressed, for example, in terms of number of EMP2-positive
cells per 100 cells in the tissue sample. Another measurement
of the level of EMP2 is a measurement of the change in the
level of EMP2 over time. Still another measurement relates to
the number of endometrial glands that express EMP2 in a
sample. These measurements may be expressed in an abso-
Iute amount or may be expressed in terms of a percentage
increase or decrease over time. In one particularly important
measurement, the level of EMP2 is measured in relation to
levels in a control cell or gland sample.

Levels of EMP2 are advantageously compared to controls
according invention. The control maybe a predetermined
value, which can take a variety of forms. It can be a single
cutoff value, such as a median or mean. It can be established
based upon comparative groups, such as in groups not having
elevated unopposed estrogen levels and groups having
elevated unopposed estrogen levels. Another example of
comparative groups would be groups having a particular dis-
ease, condition or symptoms and groups without the disease,
condition or symptoms such as a group with endometrial
premalignancy or endometrial cancer and a group without
endometrial premalignancy or endometrial cancer. Another
comparative group would be a group with a family history of
a condition such as endometrial cancer and a group without
such a family history. The predetermined value can be
arranged, for example, where a tested population is divided
equally (or unequally) into groups, such as a low-risk group,
a medium-risk group and a high-risk group or into quadrants
or quintiles, the lowest quadrant or quintile being individuals
with the lowest risk or highest amount of EMP2 and the
highest quadrant or quintile being individuals with the high-
est risk or lowest amount of EMP2.

Still other controls can be based on other cells or glands
within a single endometrial tissue sample. For example,
endometrial glands that express EMP2 may be located adja-
cent to endometrial glands that express reduced levels of
EMP2. These glands that express EMP2 can serve as positive
controls for comparison with glands having reduced EMP2
antibody staining. Likewise, stromal and other cells in an
endometrial tissue sample will express EMP2 and can be used
as controls.

The predetermined value of a control will depend upon the
particular population selected. For example, an apparently
healthy population will have a different ‘normal’ range than
will a population which is known to have a condition related
to endometrial premalignancy, endometrial cancer, or
elevated unopposed estrogen levels. Accordingly, the prede-
termined value selected may take into account the category in
which an individual falls. Appropriate ranges and categories
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can be selected with no more than routine experimentation by
those of ordinary skill in the art. By “elevated” it is meant high
relative to a selected control. Typically the control will be
based on apparently healthy normal individuals in an appro-
priate age bracket.

It will also be understood that the controls according to the
invention may be, in addition to predetermined values,
samples of materials tested in parallel with the experimental
materials. Examples include samples from control popula-
tions or control samples generated through manufacture to be
tested in parallel with the experimental samples. As used
herein a “matched” control means tissue or cells obtained at
the same time from the same subject, for example, parts of a
single biopsy, or parts of a single cell sample from the subject.

In arelated aspect, the clinical populations can be analyzed
by various statistical methods, including, but not limited to,
multivariate analysis (see, e.g., Turner et al., J Clin Oncol
(2001) 19(4):992-1000). Further, such analysis may include
survival analysis and other techniques for elucidating clinical
data (see, e.g., Klein and Moeschberger, Survival Analysis:
Techniques for Censored and Truncated Data, 2003,
Springer-Verlag Publishing Co., New York, N.Y.).

The various assays used to determine the levels of EMP2
include: specific binding assays, using materials which bind
specifically to EMP2; gel electrophoresis; and the like.
Immunoassays may be used according to the invention
including sandwich-type assays, competitive binding assays,
one-step direct tests and two-step tests such as described
herein. Preferably EMP2 levels are determined by nonde-
structive imaging of EMP2 expression. In preferred embodi-
ments, the imaging is real-time imaging and/or permits visu-
alization of EMP2 distribution.

In the methods of the present invention, a labeling agent
may be directly or indirectly bound to the EMP2-reactive
monoclonal antibody in accordance with any known tech-
nique. When the labeling agent is directly bound, the labeling
agent may desirably have introduced therein a functional
group which is cable of binding to a EMP2-reactive mono-
clonal antibody. When the labeling agent is indirectly bound,
bridging molecules such as avidin-biotin, for example, may
be present between the labeling agent and the monoclonal
antibody.

The labeling agent used in the process of the present inven-
tion may typically be an enzyme, a chemiluminescent
reagent, a fluorescent reagent, and a radioisotope. Typical
enzymes are horseradish peroxidase, alkaline phosphatase,
[-galactosidase, luciferase, glucose-6-phosphate dehydroge-
nase (G6PDH), glucose dehydrogenase (GDH), and the like.
Typical chemiluminescent reagents are luminol, isoluminol,
an acridinium ester, a dioxethan, and the like. Typical fluo-
rescent reagents are fluorescein isothiocyanate, umbellifer-
one, chelates of a rare earth metal, and the like. Typical
isotopes are '*°I, '*C and the like. Other labeling agents will
be known to one of ordinary skill in the art.

When the labeling agent employed is an enzyme, a sub-
strate is used for measuring the enzyme activity. The substrate
employed is not limited so long as the substrate allows for the
enzyme-substrate reaction to be measured as corresponding
to the quantity of the enzyme present. For example, when the
labeling agent is peroxidase, the substrate employed may be
H,0, and 3-3' diaminobenzidine (which results in the anti-
body binding site being stained brown) or H,O, and 4-chloro-
1-naphthol (resulting in a blue stain), tetramethylbendidine-
H,0,, o-phenylenediamine-H,0,, S5-aminosalicylic acid-
H,0,, and the like. When the labeling agent is alkaline
phosphatase, the substrate employed may be, for example,
toluidine salt of 5-bromo-4-chloro-3-indolylphosphate.
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When the enzyme is 3-galactosidase, the substrate employed
may be, for example, p-nitrophenyl-f-D-galactopylanoside.

In some embodiments a qualitative determination with the
naked eye ofthe quantity ofthe labeling agent in the specimen
may be preferable. In such cases, a preferred measurement
system is a colorimetric system wherein the labeled substance
includes an enzyme such as peroxidase, alkaline phosphatase,
or -galactosidase as the labeling agent, and wherein an
increase in quantity of the enzyme reaction product may be
determined by means of a color development visible to the
naked eye.

In addition to the immunohistochemical methods of the
invention, selective amplification assays such as PCR, may be
used to determine the expression levels of EMP2 and
endometrial cell-associated molecules.

The specimen used in the process of the invention prefer-
ably is endometrial tissue or cells collected from the uterine
cavity of a subject. The specimen collected from the uterine
cavity may be used as collected. Ordinarily, however, the
specimen will be treated with reagents appropriate for pre-
paring the specimen for immunohistochemistry. The speci-
men may be collected by any usual clinical technique, such as
biopsy. Another preferred sample or specimen in the process
of the invention is cells or tissue collected from menstrual
fluid. The cells may be used as collected or may be isolated
from non-endometrial cells using standard cell separation
procedures know to those of ordinary skill in the art.

The immunohistochemical assays used in the methods of
the invention are standard and well known to one of ordinary
skill in the art. Examples of such methods are provided below
in the Examples. In general, the assay methods include some
or all of the following steps. A specimen is prepared by
collecting endometrial cells and/or endometrial tissue from
the cavity of the uterus, and optionally treating the cells
and/or the tissues in accordance with standard histochemical
procedures. For example, the tissue sample may be fixed
using formalin or other fixatives and further treated to opti-
mize immunohistochemistry. In preferred embodiments, the
tissue specimen is embedded in paraffin according to standard
histological methods.

A predetermined amount of the specimen is then immobi-
lized on a carrier, which can be, for example, a plastic or glass
microscope slid; etc. The immobilized sample is then con-
tacted with a EMP2-reactive antibody (preferably a mono-
clonal antibody), which optionally is labeled. The tissue
sample can be stained using suitable histological counterstain
for visualization of tissue (e.g., hematoxilim/eosin [H&E],
methyl green) before or after the sample is contacted with the
antibody. If the anti-EMP2 antibody is not labeled, it may be
labeled subsequent to tissue binding by standard methods,
such as by binding a labeled secondary antibody, or by con-
tacting the antibody with a detectable reagent (such as an
enzyme substrate, or an avidin-tagged detectable compound).

At various times during the methods, the immobilized
sample can be washed to remove excess and/or non-specifi-
cally bound antibody, stain, detectable compounds, etc., as
necessary. Wash solutions and methods for using them will be
known to one of ordinary skill in the art.

The signal intensity of the labeled reagents bound to the
tissue specimen is then measured as a determination of the
level of EMP2 expression. The size of the endometrial glands
or of other groups of cells in the tissue specimen can also be
measured and the measurement used in the diagnostic meth-
ods of the invention as a further predictor of endometrial
preamalignancies. The average size of the endometrial glands
or of other groups of cells in the tissue specimen may be
measured prior to treatment to establish a baseline size.
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As disclosed herein, it is also possible to assess likelihood
of endometrial premalignancy by monitoring changes in the
absolute or relative amounts of EMP2 over time. For
example, as disclosed herein, an increase in EMP2 expression
in individual endometrial glands correlates with increasing
likelihood of endometrial premalignancy arising in such
glands. Accordingly one can monitor EMP2 expression over
time to determine if the likelihood of endometrial premalig-
nancy in a subject is changing. Increases in relative or abso-
Iute EMP2 may indicate an abnormality, for example an onset
or progression of endometrial premalignancy or endometrial
cancer. Decreases in amounts of EMP2 expressed in endome-
trial glands over time may indicate a decrease in premalig-
nancy or endometrial cancer remission or regression.

The invention in another aspect provides a diagnostic
method to determine the effectiveness of treatments. The
“evaluation of treatment™ as used herein, means the compari-
son of a subject’s levels of EMP2 measured in samples col-
lected from the subject at difterent sample times, preferably at
least 1 month apart following treatment. The preferred time to
obtain the second sample from the subject is at least one
month after obtaining the first sample, which means the sec-
ond sample is obtained at any time following the day of the
first sample collection, preferably at least 30, 45, 60 or more
days after the time of first sample collection.

The comparison of levels of EMP2 in two or more samples,
taken on different days, allows evaluation of disease progres-
sion or regression and of the effectiveness of anticancer treat-
ment. The comparison of a subject’s levels of EMP2 mea-
sured in samples obtained on different days provides a
measure to determine the effectiveness of any treatment to
avoid or eliminate endometrial premalignancy.

As will be appreciated by those of ordinary skill in the art,
the evaluation of the treatment also may be based upon an
evaluation of the symptoms or clinical end-points of the asso-
ciated disease. Thus, the methods of the invention also pro-
vide for determining the regression, progression, or onset of a
condition which is characterized by increased levels of
EMP2. In some instances, the subjects to which the methods
of'the invention are applied are already diagnosed as having a
particular condition or disease. In other instances, the mea-
surement will represent the diagnosis of the condition or
disease. In some instances, the subjects will already be under-
going therapy for premalignancy or cancer, while in other
instances the subjects will be without present therapy for
premalignancy or cancer.

The diagnostic methods of the invention may also include
a determination of the size of individual endometrial glands
or groups of glands or cells in an endometrial tissue sample.
The size of the glands or groups of cells can serve as a further
diagnostic marker of endometrial premalignancies. Typi-
cally, progression to a cancerous phenotype includes an
increase in cellular proliferation manifested as an increased
size of a gland or group of cells. The size of a gland or group
of cells can be measured by any convenient method, such as
determining the maximum linear dimension of a gland or
group of cells. The “maximum linear dimension” of a gland or
group of cells is the longest straight linear measurement
across the gland or group of cells. Sizes of glands or groups of
cells which will confirm or contribute to a diagnosis of
endometrial premalignancy can be absolute sizes or relative
sizes as compared to control glands or groups of cells. For
absolute sizes, a preferred maximum linear dimension of a
gland or group of cells is at least one millimeter. More pref-
erably, the maximum linear dimension is at least 2.0, 2.5, or
3.0 millimeters.
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EMP2 levels in tissues and cells may also be assessed in
tissue and cell culture. Such cultured cells and tissues may be
from normal subjects or from subjects believed to have an
endometrial premalignancy or endometrial cancer. The cul-
tured cells and tissues may serve as a model for carcinogen-
esis in endometrial cancer and premalignancy and may also
be used to screen candidate pharmacological agents for
effects on the onset, progression or regression of endometrial
premalignancy or endometrial cancer.

Standard methods of cell and tissue culture may be used to
culture endometrial cells and tissues. Examples of such meth-
ods, although not intended to be limiting, include an explant
model of short term culture of intact chunks of endometrial
tissues (see: Bersinger et al., Early Pregnancy (1995) 1: 134-
140; Dudley et al., Am J Obstet Gynecol (1992) 167:1774-
1780) and the dissociation of stromal and epithelial parts and
re-assembly as a co-culture (Arnold et al, Hum Reprod (2001)
16(5):836-845; Hopfer et al., Pathobiology (1994) 62(2):104-
408. The invention includes the use of such culture systems
for the diagnosis of endometrial premalignancy and endome-
trial cancer and for the screening of the effects of candidate
pharmacological agents on the onset, progress, and regres-
sion of endometrial premalignancy or endometrial cancer.

In a related aspect, the promoter for EMP2 comprises
binding element recognition sites for various DNA/nuclear
binding factors, including progesterone receptor, NF-kB,
serum response element, Peroxisome proliferators-activated
receptor(PPAR)/retinoid X receptor (see, e.g., Table 1). As
such, pharmacological candidates include, but are not limited
to, antagonists and inhibitors of these DNA/nuclear binding
factors. For example, for NF-kB, such candidates include, but
are not limited to, a heterocyclic compound represented by
formula (I) or a pharmaceutically acceptable salt thereof:

ey
J]\ X Pt

\(CHz)n—R4

wherein R! is a cycloalkyl group, a cycloalkyl group hav-
ing a substituent(s), wherein, when the cycloalkyl group is a
cyclopropyl group said cyclopropyl group has a substitu-
ent(s), a cycloalkenyl group or a cycloalkenyl group having a
substituent(s); each R* and R? is a hydrogen atom or an alkyl
group; R* is an alkyl group, an alkyl group having a substitu-
ent(s), an alkenyl group, an alkenyl group having a substitu-
ent(s), a cycloalkyl group, a cycloalkyl group having a sub-
stituent(s), a cycloalkenyl group, a cycloalkenyl group having
a substituent(s), an aryl group, an aryl group having a sub-
stituent(s), an aromatic heterocyclic group having at least one
hetero-atom within a ring or an aromatic heterocyclic group
having a substituent(s) and at least one hetero-atom within a
ring; A is a heterocyclic ring or a heterocyclic ring having a
substituent(s); B is an aromatic ring, an aromatic ring having
a substituent(s), a heterocyclic ring or a heterocyclic ring
having a substituent(s); n is an integer selected from 0 to 6;
—Y— is an interatomic bond, —CO—, —CO—0O—,
—CO—NR’—, —CS—NR®, —SO—, —S0O,—, wherein
each of R> and R° respectively is a hydrogen atom or an alkyl
group; wherein —X— is an interatomic bond, —O—,
—0—CHR—, —CHR®*-0O—, —0O—CO—, —CO—
00—, —0-CS— —CS—0——S8—, —SO0—,—S0,—,
—S8—CHR*—, —CHR'"*—S—, —S—CO—, —CO—S8—,
—S$—CS—, —CS—S—, —SO,—NR'— —NR!?—
SO,—,—NR"—CHR"—, —CHR'®, —NR'—, —CO—,
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~ C(=NOR'"®), —C(—CHR'), —CO_CHR®
~CHR* CO—, —CO-NR® ., _NR® CO,

—CR?**, R®—, —CHR**—CHR*—, —CR?®, —=CR*—,
—O—CHR3*°—CHR3!—, wherein each of R7, R%, R®, R1°,
R'®,R'® R, Ry, Roy, Rog, Ryg, Ry and R3! respectively is
either of a hydrogen atom or an alkyl group; each of R**, R*?,
R'?, R R R'® R'®, R*? and R* is either of a hydrogen
atom, an alkyl group or an acyl group; each of R?® and R*’
respectively is either of a hydrogen atom, a hydroxy group or
an alkyl group; and R is a hydrogen atom, a hydroxy group,
an alkyl group, an alkyl group having a substituent(s), a
hydrogen group, an alkoxy group, an alkylthio group, an
acyloxy group, an amino group, an alkylamino group, an
amino group substituted with an amino protective group, a
carboxyl wow, an all group, an aminocarbonyl group, or a
cyano group. See, e.g., U.S. Pat. No. 6,794,378.

In another aspect, for serum response element, such can-
didates include; but are not limited to, the agent

O >
\ O
H;C—O |
N7
Z \CH3

0—CH;

(i.e., Chelerythrine, see, e.g., U.S. Pat. No. 5,786,362).

In another aspect, for PPAR, such candidates include, but
are not limited to, a PPAR antagonist of Formula (I) or (II), or
pharmaceutically acceptable salts or solvates thereof,

0, CH;
N
O

@

N
7
N Ny—r

\

~

O,

where in Formula (I) X is O, S, or NH;
and R is methyl, ethyl, n-propyl, cyclopropyl, ti-butyl,
phenyl, or —CH,OCH,,
an

and where in Formula (II) X is C or N; and R is methyl,
ethyl, n-propyl, i-propyl, —CH,OCH,, or —CO,CH; (see,
e.g., U.S. Pat. No. 6,506,781).
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The invention also includes kits comprising the EMP2
binding agents described herein. The kit includes a package
housing a container that contains an agent for determining the
level of EMP2 in a sample. The kit may also include a control.
The kit may also include instructions as described herein. The
instructions typically will be in written form and will provide
guidance for carrying out the assay embodied by the kit and
for making a determination based upon that assay.

An example of a kit may include an antibody or antigen-
binding fragment thereof that binds specifically to a EMP2
polypeptide, attached to a substrate (e.g. a dipstick). The
substrate is then applied to a sample from a patient or to a
surface that may contain EMP2 and the surface of the sub-
strate is then processed to assess whether specific binding
occurs between the antibody and a polypeptide or other com-
ponent of the sample. As will be understood by one of skill in
the art, such binding assay may also be performed with a
sample or object contacted with an antibody or antigen-bind-
ing fragment thereof and/or EMP2 that is in solution, for
example in a 96-well plate or applied directly to an object
surface.

In one embodiment, endometrial tissue is examined by
tissue micro arrays (ITMA). For example, multiple tissue
samples may be taken from multiple such tissue specimens,
and the multiple samples from a particular specimen are
similarly placed at corresponding positions in the multiple
substrates. Each of the resulting substrates contains an array
of tissue samples from multiple specimens, in which corre-
sponding positions in each of the arrays represent tissue
samples from the same tissue specimen. In particular
examples, each substrate is then sectioned into multiple simi-
lar sections with samples from the same tissue specimen at
corresponding positions of the sequential sections. The dif-
ferent sections may then be subjected to different reactions,
such as exposure to different histological stains or molecular
markers, so that the multiple “copies” of the tissue microar-
rays can be compared for the presence of reactants of interest.
The large number of tissue samples, which are repeated in
each of a potentially large number of sections of multiple
substrates, can be exposed to as many different reactions as
there are sections. For example, about 100,000 array sections
may be obtained from a set of 1000 tissue specimens measur-
ing 15x15x3 mm. This approach provides for high-through-
put techniques, including rapid parallel analysis of many
different tissue specimens.

In one embodiment, a sample can be processed by expos-
ing different cut sections on the array to different biological
reagents (such as standard stains, or immunohistochemical or
genetic markers, oligonucleotides probes/primers, peptides,
polypeptides, ligands, and small molecules, hormones, lipids,
carbohydrates, lectins, etc.) that recognize biological struc-
tures in the cut sections. An imager then obtains an image of
the cut processed sections, and an image processor identifies
regions of the cut sections that contain images of biological
interest (such as evidence of gene copy numbers), and stores
images of the cut sections. If desired, quantities of biological
reagents can be detected to quantify reactions (such as an
amount of probe that hybridizes to the specimen as an indi-
cation of gene amplification or deletion), or to determine the
distribution of the reagent in the sample.

The results of the image processing of any tissue microar-
rays can correlate the biological reactions of interest with
identifying information about the cut sections and the sub-
jects from whom the tissue specimens were obtained (such as
clinical information about the subject). This information can
be stored, for example, in a database that also includes the
location of tissue donor specimens in the donor source, the
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location of recipient blocks in the recipient array, and the
location of the tissue samples in the tissue microarray. Infor-
mation in this sample database can be linked with information
on the clinical, histological, and demographic information of
the patients.

The disclosure also includes a method for performing
molecular analysis of biological specimens by providing
multiple sections each including multiple biological samples.
In particular embodiments, subsets of the sections include
multiple similar sections in which tissue samples from the
same specimen are located at corresponding positions in dif-
ferent sections. The different sections are exposed to biologi-
cal reagents (for example, different biological reagents) that
react with biological substrates of interest in the biological
samples, and images are obtained of the different sections
after exposing the sections to the biological reagents. The
images are then analyzed to determine whether a reaction
with a substrate has occurred in the different sections, or
specimen samples represented in the sections. The images
also can be used to quantitate the degree of staining, analyze
its homogeneity within and between tissue samples, as well as
determine the subcellular distribution of the biomolecules of
interest.

In particular embodiments, the different biological speci-
mens are obtained from different specimens (such as tumors,
timing tissue, or biopsy specimens), and in particular
examples the different specimens are obtained from different
subjects. Information about the biological specimens (such as
clinical information about the subject) are correlated with the
results of analyzing the images, to obtain relationships
between the information and the reaction. For example, the
stage of a tumor can be correlated with the presence of a
particular biomarker, such as an immunohistochemical (IHC)
marker, or gene amplification. The same gene of interest
(such as EMP2) can be analyzed at both DNA, RNA and
protein level from different samples (or the same sample, with
multi-color detection methods) and the results of these
molecular analyses correlated with one another. This method
is capable of efficiently obtaining many data points, because
multiple tests can relatively quickly be performed on multiple
similar copies of samples from multiple specimens. For
example, if samples from at least 10 different tissue speci-
mens are present in each of at least 10 different sections, and
the ten different sections are respectively exposed to 10 dif-
ferent reagents, then 100 data points can quickly be obtained.

In a particular embodiment of the method, the specimens
are embedded in embedding medium to form tissue blocks,
which are stored at identifiable locations in an array. The
blocks are retrieved from the array, coordinates of particular
areas in each of the tissue specimens in the blocks are deter-
mined, and tissue samples from the blocks are retrieved and
inserted into receptacles of corresponding size in different
tissue microarray blocks. After repeating this process with
multiple blocks, to form a three-dimensional array of substan-
tially parallel samples from a variety of different specimens,
the tissue microarray blocks are then sectioned to make mul-
tiple similar tissue microarray sections that include samples
of many different specimens. Each of these sections can then
be subjected to treatment with multiple reagents, and subse-
quently analyzed for the presence of biological markers. This
analysis can be performed by obtaining digital images of each
section, or the samples in each specimen, and processing the
image to identify specific regions of the section or sample that
correspond to the presence of a biological marker, or to deter-
mine the amount and distribution of a biological marker that
is present in the tissue microarray section. This information
can be stored in a database for subsequent analysis and cor-
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relation with other information about the specimens and
samples (such as clinical stage, or co-alteration of gene copies
or expression).

In one embodiment of the method, a plurality of biological
samples are provided at identifiable positions in the array, and
the samples are subjected to a biological analysis. The bio-
logical analysis is usually performed after the samples are
placed in the array, although the analysis can be performed
prior to placement of the sample in the array. The array is then
examined to detect a biological, histological or clinical
marker, such as (a) the presence of a histologic sign of disease
(e.g. cellular atypia or pyknotic nuclei) or (b) the presence of
amolecular marker (such as an immunohistochemical marker
or a nucleic acid probe) which is specifically bound to a
substrate in the biological sample. The biological samples in
the array may be samples of different tissue specimens (such
as samples from many different tumors), or multiple samples
from a single tissue specimen (for example to assess tissue
homogeneity or heterogeneity). Alternatively, the biological
samples in the array can include samples from different tissue
specimens, as well as multiple samples from a single tissue
specimen (for example, multiple copies of normal tissue as an
internal control). This allows standardization of the molecu-
lar results from different sections of the same array or
between multiple tissue microarray blocks that have different
samples, but the same references included. The multiple sub-
stantial copies of the array can be subjected to the same
biological analysis (such as immunohistochemical staining
or molecular probing), or to different biological analyses, for
example at a single location or at multiple different locations.
The biological analysis may be performed, for example with
a specific binding agent, such as an antibody or a nucleic acid
probe, which substantially only or specifically recognizes and
hinds to a biological substrate of interest.

In particular disclosed embodiments, the array may be a
microarray, for example in which the plurality of biological
samples includes at least 100, 500 or even 1000 or more
biological samples placed at identifiable positions in the
microarray. The identifiable positions may be coordinates of
the array, such as coordinates of a substantially uniform
matrix of rows and columns. Identifiers (such as electronic
identifiers) can be associated with the array, and diagnoses
may be associated with the identifiers. In this manner, a
viewer may conveniently immediately determine an interpre-
tation associated with a sample, for immediate confirmation
of'a correct interpretation or correction of an incorrect inter-
pretation.

The array is particularly suitable for displaying tissue
specimens, such as pathology specimens. In some examples,
the pathology specimens are neoplastic tissue, non-neoplastic
tissue, a combination of neoplastic and non-neoplastic tissue,
and/or comparative specimens of different examples in a
biological spectrum. For example, the comparative speci-
mens may be different stages in development of a tumor,
different types of tumor; and/or different stages in progres-
sion of a biologically dynamic tissue (such as uterine
endometrial tissue at different days during a menstrual cycle).
The samples may also include multiple different types of
histological and biological regions of interest from a given
tissue or tumor, defined by a user.

The use of such multiple specimens allows one to examine
the variability in assaying a particular biomolecule from tis-
sue sections, as well as to continue and minimize such vari-
ability. The biological interpretations of one or more dissemi-
nation copies may be combined to provide a composite
reference copy interpretation (such as testing the variability
of tumor grading or stain evaluation by different pathologists
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and averaging of the grades of a tumor as assigned by an
expert panel of pathologists). The biological samples can also
be used as a convenient holder for a library of multiple tissue
samples, to replace space consuming libraries of slides on
which tissue sections are mounted. Information about sub-
jects from whom the samples were obtained can also be
associated with each sample, and readily retrieved (for
example electronically) so that clinical information (includ-
ing clinical course) can be linked to the tissue.

The array technology allows a variety of different biologi-
cal samples (for example samples from at least 10 different
tissue specimens present in each different section) to be
exposed to a variety of different biological analyses (for
example at least 10 different reagents). Alternatively, the bio-
logical samples are obtained from at least 100 different tissue
specimens, and are exposed to at least 100 different reagents.
Images (such as digital images) of the arrays can be obtained,
and the images analyzed, for example by quantifying the
reaction with the substrate. The results of the biological
analyses can be used for a variety of purposes, such as vali-
dating the presence of a particular biomarker in a set of
tissues, determining the frequency and clinical associations
of'such a marker, evaluating a reagent for disease diagnosis or
treatment; identifying a prognostic marker for cancer; assess-
ing or selecting therapy for a subject; and/or finding a bio-
chemical target for medical therapy. The biological sample
may be a tissue specimen, as well as a hematological or
cytological preparation of cells.

The phrase “pharmaceutically acceptable compositions”
refers to molecular entities and compositions that are physi-
ologically tolerable and do not typically produce an allergic
or similar untoward reaction, such as gastric upset, dizziness
and the like, when administered to a human. In one embodi-
ment, as used herein, the term “pharmaceutically acceptable”
means approved by a regulatory agency of the Federal or a
state government or listed in the U.S. Pharmacopeia or other
generally recognized pharmacopeia for use in animals, and
more particularly in humans. The term “carrier” refers to a
diluent, adjuvant, excipient, or vehicle with which the com-
pound is administered. Such pharmaceutical carriers can be
sterile liquids, such as water and oils, including those of
petroleum, animal, vegetable or synthetic origin, such as pea-
nut oil, soybean oil, mineral oil, sesame oil and the like. Water
or aqueous solution saline solutions and aqueous dextrose
and glycerol solutions are preferably employed as carriers,
particularly for injectable solutions. Suitable pharmaceutical
carriers are described in “Remington’s Pharmaceutical Sci-
ences” by E. W. Martin.

In a related aspect, such pharmaceutical compositions may
be administered to a subject as an ameliorative modality. As
used herein, “ameliorative,” means to improve or relieve a
subject of symptoms associated with a disorder, and includes
curing such a disorder.

It will be understood that, if desired, a composition as
disclosed herein may be administered in combination with
other agents as well, such as, e.g., other proteins or polypep-
tides or various pharmaceutically-active agents. In fact, there
is virtually no limit to other components that may also be
included, given that the additional agents do not cause a
significant adverse effect upon contact with the target cells or
host tissues. The compositions may thus be delivered along
with various other agents as required in the particular
instance. Such compositions may be purified from host cells
or other biological sources, or alternatively may be chemi-
cally synthesized as described herein. Likewise, such com-
positions may further comprise substituted or derivatized
RNA or DNA compositions.
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It will be apparent that any of the pharmaceutical compo-
sitions described herein can contain pharmaceutically accept-
able salts. Such salts can be prepared, for example, from
pharmaceutically acceptable non-toxic bases, including
organic bases (e.g., salts of primary, secondary and tertiary
amines and basic amino acids) and inorganic bases (e.g.,
sodium, potassium, lithium, ammonium, calcium and mag-
nesium salts).

Typically, these formulations will contain at least about
0.1% of the active compound or more, although the percent-
age of the active ingredient(s) may, of course, be varied and
may conveniently be between about 1 or 2% and about 60% or
70% or more of the weight or volume of the total formulation.
Naturally, the amount of active compound(s) in each thera-
peutically useful composition may be prepared is such a way
that a suitable dosage will be obtained in any given unit dose
of the compound. Factors such as solubility, bioavailability,
biological half-life, route of administration, product shelf
life, as well as other pharmacological considerations will be
contemplated by one skilled in the art of preparing such
pharmaceutical formulations, and as such, a variety of dos-
ages and treatment regimens may be desirable.

In a related aspect, treatment regimens include surgical
approaches such as extrafascial total abdominal hysterec-
tomy with a wide vaginal cuff, combined with bilateral salp-
ingo-oophrectomy and retroperitoneal lymph node sampling
in the pelvic and para-aortic areas. Further, progesterone
therapy, including continuous, large doses of nonestrogenic
progesterone derivatives (e.g., hydroxyprogesterone caproate
or medroxyprogesterone acetate or megestrol acetate are
included. Moreover, cytotoxic chemotherapy in combination
with the pharmaceutical compositions as disclosed include,
for example, combinations of cyclophosphamide, doxortibi-
cin, and cisplatin.

For oral administration the compositions of the present
invention may alternatively be incorporated with one or more
excipients in the form of a mouthwash, dentifrice, buccal
tablet, oral spray, or sublingual orally-administered formula-
tion. Alternatively, the active ingredient may be incorporated
into an oral solution such as one containing sodium borate,
glycerin and potassium bicarbonate, or dispersed in a denti-
frice, or added in a therapeutically-effective amount to a
composition that may include water, binders, abrasives, fla-
voring agents, foaming agents, and humectants. Alternatively
the compositions may be fashioned into a tablet or solution
form that may be placed under the tongue or otherwise dis-
solved in the mouth.

In certain circumstances it will be desirable to deliver the
pharmaceutical compositions disclosed herein parenterally,
intravenously, intramuscularly, or even intraperitoneally.
Such approaches are well known to the skilled artisan, some
of which are further described, for example, in U.S. Pat. No.
5,543,158; U.S. Pat. No. 5,641,515 and U.S. Pat. No. 5,399,
363. In certain embodiments, solutions of the active com-
pounds as free base or pharmacologically acceptable salts
may be prepared in water suitably mixed with a surfactant,
such as hydroxypropylcellulose. Dispersions may also be
prepared in glycerol, liquid polyethylene glycols, and mix-
tures thereof and in oils. Under ordinary conditions of storage
and use, these preparations generally will contain a preserva-
tive to prevent the growth of microorganisms.

Tlustrative pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and ster-
ile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions (for example, see U.S. Pat.
No. 5,466,468). In all cases the form must be sterile and must
be fluid to the extent that easy syringability exists. It must be

20

25

30

40

45

55

26

stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of micro-
organisms, such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof;,
and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and/or by the use of surfactants. The prevention of the
action of microorganisms can be facilitated by various anti-
bacterial and antifungal agents, for example, parabens, chlo-
robutanol, phenol, sorbic acid, thimerosal, and the like. In
many cases, it will be preferable to include isotonic agents,
for example, sugars or sodium chloride. Prolonged absorp-
tion of the injectable compositions can be brought about by
the use in the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

In one embodiment, for parenteral administration in an
aqueous solution, the solution should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solu-
tions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this con-
nection, a sterile aqueous medium that can be employed will
be known to those of skill in the art in light of the present
disclosure. For example, one dosage may be dissolved in 1 ml
of isotonic NaCl solution and either added to 1000 ml of
hypodermoclysis fluid or injected at the proposed site of
infusion, (see for example, “Remington’s Pharmaceutical
Sciences” 15th Edition, pages 1035-1038 and 1570-1580).
Some variation in dosage will necessarily occur depending on
the condition of the subject being treated. Moreover, for
human administration, preparations will of course preferably
meet sterility, pyrogenicity, and the general safety and purity
standards as required by FDA Office of Biologics standards.

In another embodiment of the invention, the compositions
disclosed herein may be formulated in a neutral or salt form.
Tlustrative pharmaceutically-acceptable salts include the
acid addition salts (loaned with the free amino groups of the
protein) and which are formed with inorganic acids such as,
for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric, mandelic, and the like.
Salts formed with the free carboxyl groups can also be
derived from inorganic bases such as, for example, sodium,
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine, histi-
dine, procaine and the like. Upon formulation, solutions will
be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effec-
tive.

The carriers can further comprise any and all solvents,
dispersion media, vehicles, coatings, diluents, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and
the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with the
active ingredient, its use in the therapeutic compositions is
contemplated. Supplementary active ingredients can also be
incorporated into the compositions. The phrase “pharmaceu-
tically-acceptable” refers to molecular entities and composi-
tions that do not produce an allergic or similar untoward
reaction when administered, to a human.

In certain embodiments, the pharmaceutical compositions
may be delivered by intranasal sprays, inhalation, and/or
other aerosol delivery vehicles. Methods for delivering genes,
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nucleic acids, and peptide compositions directly to the lungs
via nasal aerosol sprays has been described, e.g., in U.S. Pat.
No. 5,756,353 and U.S. Pat. No. 5,804,212. Likewise, the
delivery of drugs using intranasal microparticle resins (Tak-
enaga et al., J] Controlled Release (1998) 52(1-2):81-7) and
lysophosphatidyl-glycerol compounds (U.S. Pat. No. 5,725,
871) are also well-known in the pharmaceutical arts. Like-
wise, illustrative transmucosal drug delivery in the form of a
polytetrafluoroetheylene support matrix is described in U.S.
Pat. No. 5,780,045.

In certain embodiments, liposomes, nanocapsules, micro-
particles, lipid particles, vesicles, and the like, are used for the
introduction of the compositions of the present invention into
suitable host cells/organisms. In particular, the compositions
of'the present invention may be formulated for delivery either
encapsulated in a lipid particle, a liposome, a vesicle, a nano-
sphere, or a nanoparticle or the like. Alternatively, composi-
tions of the present invention can be bound, either covalently
or non-covalently, to the surface of such carrier vehicles.

The formation and use of liposome and liposome-like
preparations as potential drug carriers is generally known to
those of skill in the art (see for example, Lasic, Trends Bio-
technol (1998) 16(7):307-21; Takakura, Nippon Rinsho
(1998) 56(3):691-5; Chandran et al., Indian J Exp Blot (1997)
35(8):801-9; Margalit, Crit Rev Ther Drug Carrier Syst
(1995) 12(2-3):233-61; U.S. Pat. No. 5,567,434; U.S. Pat.
No. 5,552,157, U.S. Pat. No. 5,565,213; U.S. Pat. No. 5,738,
868 and U.S. Pat. No. 5,795,587, each specifically incorpo-
rated herein by reference in its entirety).

Alternatively, in other embodiments, the invention pro-
vides for pharmaceutically-acceptable nanocapsule formula-
tions of the compositions of the present invention. Nanocap-
sules can generally entrap compounds in a stable and
reproducible way (see, for example, Quintanar-Guerrero et
al., Drug Dev India Pharm (1998) 24(12):1113-28). To avoid
side effects due to intracellular polymeric overloading, such
ultrafine particles (sized around 0.1 um) may be designed
using polymers able to be degraded in vivo. Such particles can
be made as described, for example, by Couvreur et al., Crit
Rev Ther Drug Carrier Syst. 1988; 5(1):1-20; zur Muhlen et
al., Eur J Pharm Biopharm (1998) 45(2):149-55; Zambaux et
al., J Controlled Release (1998) 50(1-3):31-40; and U.S. Pat.
No. 5,145,684.

All documents provided herein are incorporated by refer-
ence in their entirety.

The following examples are intended to illustrate but not
limit the invention.

EXAMPLE 1

EMP2 is spatially and temporally regulated during the
window of implantation in the endometrium.

EMP2, which is highly expressed in the uterus, translo-
cates from an intracellular location to the apical surface of the
endometrial epithelium during implantation in mice (FIG. 1).

EMP2 expression is regulated in part by steroid sex hor-
mones.

Normal endometrium is a dynamic organ, with a pheno-
type that alters with the menstrual cycle. Simply, this can be
described as an interplay between estrogen during the prolif-
erative phase and progesterone during the secretory phase
(Mutter et al., Gynecol Oncol (2001) 83:177-185). First, FIG.
1 shows that EMP2 is temporally regulated in mice. Similarly
in humans, EMP2 expression is upregulated in secretory
endometrium compared to the proliferative phase (FIG. 2).
This data suggests that EMP2 is in part regulated by proges-
terone. To support this conclusion, human and mouse pro-
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moters were analyzed using the Genomatrix Matlnspector
protocol. This analysis revealed four progesterone binding
sites and 5 PPAR/RXR sites on both species (Table 1).

TABLE 1

SELECTED RESPONSE ELEMENTS LOCALIZED
TO THE HUMAN EMP2 GENE

Number of Upstream locations (relative to

Element Elements translational initiation start sites

Progesterone Receptor 4 245-263, 470-488, 2071-2089,

Binding Site 2442-2460

NF-kB 4 42-56, 645-668, 924-938,
1207-1222

Serum Response Element 5 263-281,965-983, 1230-1248,
1272-1290, 1329-1347

PPAR/RXR heterodimers 5 602-622, 852-872, 859-879,
1113-1133,1643-1663

These observations support the notion that that the proges-

terone receptor, activated by the hormonal surge of progest-
erone, increase EMP2 expression and that inflammatory
mediators, signaling through NE-kB pathways, impair
endometrial EMP2 expression. Further, the regulatory ele-
ments as described offer targets for therapeutic manipulation
of EMP2 expression. This is also supported by observations
from PMP22, a close homologue of EMP2, whose promoter
also harbors multiple progesterone receptor binding sites.
Mutation of PMP22 disturbs expression of in peripheral
myelin, resulting in the neuronal degenerative disease Char-
cot Marie Tooth Type 1. Recently, progesterone was shown to
restore normal PMP22 levels in these patients, and amelio-
rated the disease phenotype (Schumacher et al Brain Res
Brain Res Rev (2001) 37:343-359). Though not to be bound
by theory, pharmacological manipulation of EMP2 expres-
sion with progesterone, and possibly agonists or antagonists
for the other regulatory element factors, should similarly
provide therapeutic interventions to restore normal EMP2
expression, and thereby reverse aspects of the of the disor-
dered phenotype and neoplastic progression in premalignant
endometrium.

Aberrant EMP2 Expression in EC.

Sample were obtained from patients with disordered pro-
liferative endometrium, hyperplasia, or endometrium carci-
nomas, and compared to normal proliferative endometrium.
Atypical hyperplasia and simple hyperplasia were grouped
together. EMP2 expression levels were scored from 0-3, 3
being the highest expression. Immunochemical analysis of
EMP2 expression levels correlated with increasing premalig-
nant potential (Means, Normal Proliferative 0.36; Disordered
Proliferative 1.43; Hyperplasia 1.89), and is highest in
patients with EC (mean 2.0; FIG. 3).

EMP2 Traffics Select Proteins Onto the Plasma Mem-
brane.

EMP2 reciprocally regulates the GPl-associated and
caveolin-associated caveolae GEM compartments. At least
two distinct lipid rafts exist within cells: GPI-anchored pro-
tein and caveolae (Abrami et al., J Biol Chem (1999) 274:
3910-3917; Nichols et al., ] Cell Biol (2001) 153:529-541). 1t
has been suggested that cells utilize distinct rafts to permit
regulation of distinct biological processes (Leitinger and
Hogg, J Cell Sci (2002) 115:963-972; Moffett et al., J Biol
Chem (2000) 275:2191-2198; Melkonian et al., ] Biol Chem
(1999) 274:3910-3917).

Using sucrose gradient fractionation, EMP2 was observed
to associate with GEMS in a variety of cell types including
B-cells. NIH3T3 fibroblasts, and human endometrial carci-
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noma cell lines R195-2 and HEC1A (FIG. 4) (See also,
Wadehraetal., Clin Immunol (2003) 107:129436; Wadehra et
al., Mol Biol Cell (2004) 15:2073-2083 for method, incorpo-
rated herein by reference).

In NTH3T3, B-cells, and endometrial carcinoma cell lines,
EMP?2 levels strikingly increased the surface expression of
GPI-anchored proteins (detected by aerolysin immunofluo-
rescence), select integrins, and MHC class I molecules. In
contrast, EMP2 negatively regulated caveolin-1, both at the
protein and steady state RNA levels. Thus, in a variety of
cells, EMP2 affects trafficking of proteins in two ways: posi-
tive regulation of GPI-lipid rails and negative regulation of
caveolae.

Integrins are Dysregulated in EC.

Integrins are ubiquitous cell adhesion molecules that are
involved in maintaining normal tissue morphology and have
been implicated in the aggressive behavior of several malig-
nancies. Studies have shown that P1C expression, for
example, increases in EC compared with normal proliferative
endometria at both the protein and mRNA level (Lovecehio et
al., Am J Pathol (2003) 163:2543-2553).

In EC cell lines, EMP2 interacts with and regulates expres-
sion of certain integrin isoforms. The endometrial carcinoma
cell line HEC1A was assessed where EMP2 expression was
up (ectopic overexpression) or down modulated (ribozyme
cleavage). Analysis of these cell lines revealed a regulatory
role of EMP2 on integrin is isoform expression. Ectopic
EMP?2 expression selectively increased integrin avf} and aug-
mented fibronectin binding (FIG. 5).

Comprehensive Tissue Microairay (TMA).

UCLA Medical Center patients (Westwood and Santa
Monica), age 35 to 61 years, were ascertained with initial
diagnosis of an EC malignant state (disordered proliferative,
simple, and complex hyperplasia), or EC itself, by electronic
search of the Tamtron Pathology database (1955-present).
Patients with available follow-up were identified by a DIA
electronic medical search methodology. The DIA. (data,
information, analysis) methodology identifies events of care
for index patients in Tamtron, Meditech (Clinical Lab data-
base), and PLMS (combined medical center database for
financial, demographic, and clinical diagnostic coding).
Entry criteria were index patients with 10 year follow-up
(premalignant and EC groups), progression to EC (premalig-
nant group), or death (EC group). One hundred and twenty
(120) entrants for each were sought for disordered prolifera-
tive disease, simple/complex hyperplasia, and EC. In addi-
tion, 30 cases each of control patients were identified (age
35-61 years) with normal or secretory endometrial biopsies.

In collaboration with the JCCC tissue microarray core,
replicate 280 member microarrays were designed, bearing 80
specimens each of atypical proliferation, simple+complex
hyperplasia, and EC. The microarray also included 20 cases
each of normal proliferative and secretory endometrium.
Specimens from patients meeting study follow-up criteria
were selected from the UCLA Hospitals paraffin tissue
archive using a DIA electronic medical record search meth-
odology. Annotation was completed and validated by a com-
bination of DIA methodology and manual chart review.
Among the data elements were tumor grade and stage at each
surgical event, treatment, disease-free interval, and disease
status at death. The grades and stages of the patients with EC
was determined in accordance with the criteria of the Inter-
national Federation of Gynecology and Obstetrics (FIGO)
(See Table 2).
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TABLE 2

STAGING OF ENDOMETRIAL CARCINOMA AS
A GUIDE TO TREATMENT AND PROGNOSIS

Stage Definition

1A (G1, 2, 3)F Tumor limited to endometrium

1B (G1,2,3) Invasion to <%2 myometrium
IC(G1,2,3) Invasion to > myometrium

IIA (G1, 2, 3) Tumor involves only endocervical glands
1B (G1, 2, 3) Invasion to cervical stroma

Tumor has invaded serosa and/or adnexa and/or
peritoneal cytologic results are positive

Metastases to the vagina

Metastases to pelvic and/or para-aortic lymph nodes
Tumor has invaded bladder and/or bowel mucosa
Distant metastases, including intra-abdominal and/or
inguinal lymph nodes

IIA (G1,2,3)

1B (G1, 2, 3)
I1C (G1, 2, 3)
IVA (G1, 2, 3)
IVB

$G1 = =5% of a nonsquamous or nonmorular solid growth pattern; G2 = 6-50% of a
nonsquamous or nonmorular solid growth pattern; G3 = 50% of a nonsquamous or non-
morular solid growth pattern. Notable nuclear atypia, inappropriate for the architectural
grade, raises the grade of a grade 1 or 2 tumor by 1. In serous adenocarcinomas, clear cell
adenocarcinomas, and squamous cell carcinomas, nuclear grading takes precedence. Adeno-
carcinoma with squamous differentiation are graded according to the nuclear grade of the
glandular component.

Immunohistochemistry was performed on the TMA to
assess EMP2 expression in the presentation and follow-up
specimens, and levels of expression were quantitated via two
methods. For premalignant progression, data from the pre-
malignant case set were analyzed by quantitative statistical
comparison of EMP2 levels by automated image analysis.
Two experts then determine the subcellular distribution of
EMP2, and correlate it with three outcomes categories (return
to normal; persistent premalignant condition; and EC). For
EC progress, data from the EC case set was quantitatively
compared by automated image analysis with respect to pre-
senting grade/stage, and up to 10 year outcome (survival and
disease free survival).

The subcellular distribution of EMP2 was quantitatively
characterized using a digital imaging and an image analysis
protocol. EMP2 results were obtained for 103 endometrial
carcinomas (EC), prepared as a paraftin-block tissue microar-
ray (collaboration with Dr. Robert Soslow, Memorial Sloan-
Kettering Cancer Center). Of the 103 endometrial carcino-
mas, clinical information was available for 99 patients (Table
3). The median follow-up for alive patients was 34 months
(range 1-240 months).

TABLE 3

CLINICAL CHARACTERISTICS OF PATIENTS

Frequency (5)

Variable EMP2 (-) EMP2(+) p-value
Mean Age 65 65 0.86
ER =) 63 (89%) 10 (83%) 0.31
+) 28 (31%) 2 (17%)
PR =) 61 (67%) 9 (75%) 0.58
+) 30 (33%) 3 (25%)
Vascular N 55 (63%) 6 (50%) 0.37
Y 32 (37%) 6 (50%)
Stage 1A 9 (10%) 0 (0%) 0.13
IB-IIB 51 (59%) 5 (42%)
IA-IV 27 (31%) 7 (58%)
Diagnosis Clear Cell 3 (3%) 0 (0%)
Endometrioid 65 (75%) 9 (75%) 0.92
Serous 7 (8%) 1 (8%)
Other 12 (14%) 0 (0%)
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TABLE 3-continued

CLINICAL CHARACTERISTICS OF PATIENTS

Frequency (5)

Variable EMP2 (-) EMP2(+) p-value
Disease Status No Disease 58 (71%) 3 (25%) 0.005
Disease 29 (29%) 9 (75%)
Survival Status NED 54 (62%) 3 (25%)
AWD 8 (9%) 2 (17%) 0.05
DOD 21 (24%) 7 (58%)
DOC 4 (5%) 0 (0%)

EMP2 expression was assessed using immunohistochem-
istry with antisera produced in rabbits to extracellular peptide
(EDIHDKNAKFYPVTREGSYG, SEQ ID NO: 1) of the
human EMP?2 protein. Negative control for each sample was
stained with preimmune sera. TMA sections were deparaf-
finized with xylene and rehydrated with a graded alcohol
series. Endogenous peroxidases were blocked and samples
placed in citrate bufter (10 mmol/L,, pH 6) and heated in a
steamer for 15 mins. Sections were then blocked in 10%
normal goat serum, and incubated with the primary EMP2
antisera for 50 min at RT. The anitsera was used as the purified
IgG fraction, and was a high titer reagent (effective at ~1
ng/sample) with proper specificity, although other purified
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fractions will work (e.g., IgM). Sections were then incubated
for 15 mins with the Vectastain biotin-secondary antibody,
followed by the streptavidin-tertiary antibody. Sections were
developed using Vector DAB, and nuclei were counterstained
using hematoxylin.

Automated image analysis was used as a method to assess
EMP2 expressionin tissues. The digital imaging system (e.g.,
Olympus DP11) coupled with the Image Pro-Plus system
from Media Cybernetics (Silver Spring, Md.), was used for
hardware and software. The validated systems was designed
to provide fast and accurate image analysis with a full range
of counting, sizing, and image enhancement tools. The image
is quantitated through digitization with the pixel depth or
bits-per-pixel (BPP) assigned in gray scale. Images are fur-
ther enhanced by gamma correction, a specialized form of
contrast enhancement (FIG. 6). Histogram analysis provides
data which is instantly imported into an Excel spreadsheet for
tabulation and quantitation (FIG. 7). The data was extremely
reproducible with greater than 99.9% session to session accu-
racy. Chi-squared tests were used to determine statistical
significance for association for categorical variables and
t-tests for continuous variables. Survival estimates were gen-
erated using Kaplan-Meier methods. Univariate p-values
comparing survival curves (FIGS. 9 and 10) were calculated
using the log-rank statistic (Tables 4 and 5).

TABLE 4

UNIVARIATE ANALYSIS OF OVERALL SURVIVAL

Median 2 Year Overall

% Overall Survival Survival Rate Hazard Ratio p-value
Variable N Alive (95% CI) (95% CI) (95% CI) (log-rank)
Age
<65 48 79% NRI 79% (67-91%) 1.00 0.02
=65 51 57% 3.3 (2.3-NR) 71% (67-84%) 2.3 (1.1-5.0)
ER
=) 71 61% 4.7 (2.5-NR) 68% (56-78%) 1.00 0.02
+) 28 86% NR (3.9-NR) 98% (89-100%)  0.31 (0.11-0.88)
PR
=) 89  56% 3.7 (2.3-NR) 65% (63-78%) 1.00 0.002
+) 30 90% NR 97% (90-100%)  0.19 (0.06-0.63)
Vascular
N 81  84% NR (2.3-NR) 89% (80-97%) 1.00 <0.001
Y 36 42% 2.1 (1.6-3.9) 53% (35-70%) 4.8 (2.3-10.2)
Stage
1A 9 100% NR 100% (NE*) 1.00 0.003
IB-1IB 56 73% NR (4.7-NR) 81% (70-92%) NE
IA-IV 34 50% 2.7 (1.1-NR) 59% (41-76%) NE
Diagnosis
Clear Cell 3 67% NR (2.3-NR)  100% (NE) 1.00
Endometrioid 74 73% NR (4.7-NR) 82% (73-91%) 1.2 (0.18-6.9) <0.001
Serous 8  86% NR (3.9-NR) 100% 0.81 (0.05-13)
Other 14 29% 1.3 (0.5-1.9) 17% (0-36%) 8.0 (0.96-65)
EMP2
- 87  T1% NR (4.7-NR) 76% (69-87%) 1.0 0.04
+) 12 42% 1.9 (1.5-3.9) 49% (16-82%) 2.4 (1.0-5.6)

INR: Not reached
*NE: Not Estimable
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TABLE 5
UNIVARIATE ANALYSIS OF DISEASE-FREE SURVIVAL
Median 2 Year
% Disease-Free Disease-Free

Disease- Survival Survival Rate Hazard Ratio p-value
Variable N Free (95% CI) (95% CI) (95% CI) (log-rank)
Age
<65 a6 72% NRI (3.7-NR)  78% (65-91%) 1.0 0.04
265 49 53% 19 (13-NR)  48% (32-53%) 2.0 (1.0-4.0)
ER
=) 67 55% 3.7 (1.6NR)  56% (43-68%) 1.0 0.04
+) 28 79% NR 79% (63-96%) 041 (0.17-0.99)
PR
=) 65  54% 3.1 (13-NR)  52% (39-65%) 1.0 0.01
+) 30 80% NR 85% (71-99%) 034 (0.14-0.81)
Vascular
N 60 75% NR T7% (65-89%) 1.0 <0.001
Y 35 40% 1.5 (0.5-NR)  38% (20-55%) 3.5 (1.8-8.9)
Stage
IA 9 100% NR 100% (NE*) 1.0 <0.001
IB-IIB 53 72% NR (3.7-NR) 72% (59-85%) NE
IITA-TIV 33 36% 1.6 (0.5-NR) 37% (19-54%) NE
Diagnosis
Clear Cell 3 33% 3.7 (1.6NR)  67% (13-100%) 1.0
Endometrioid 70 70% NR 72% (61-83%) 0.58 (0.14-2.5) <0.001
Serous 8 75% 1.9 (NE) 42% (0-100%)  0.59 (0.08-4.3)
Other 14 21% 0.7 (0.1-1.5) W% (0-26%) 3.4 (0.72-16)
EMP2
=) 83 67% NR (3.7-NR)  68% (57-79%) 1.0 0.004
+) 12 25% 19 (0.5-1.9)  22% (0-49%) 2.9 (1.4-6.2)
INR: Not reached
*NE: Not Estimable

Variables with p-value <0.05 are considered univariately TABLE 7

significant and these variables were then entered into the
multivariate analysis model. Multivariate survival analysis
was preformed using the Cox proportional hazards model.
The final model was determined by using stepwise regression
keeping variables with p-values <0.05 (Tables 6 and 7). All
statistical analyses were performed using SAS Software

(SAS Institute Inc., Cary, N.C.).
TABLE 6
MULTIVARIATE ANALYSIS OF OVERALL SURVIVAL*
Variable Hazard Ratio (95% CI) p-value

PR (=) 1.00 0.04
(+) 0.28 (0.08-0.94)

Vascular N 1.00 0.002
Y 3.6 (1.6-8.1)

Diagnosis Clear Cell 1.00 0.03
Endometrioid 0.94 (0.12-7.5)
Serous 0.56 (0.03-9.6)
Other 3.1 (0.34-28)

#All of the variables are statistically significant, however when entered into a multivariate
model the three that remain significant are PR, Vascular, and Diagnosis. EMP2 is no longer
significant when entered with these variables.
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MULTIVARIATE ANALYSIS OF DISEASE FREE SURVIVALY

Variable Hazard Ratio (95% CI) p-value
Stage 1A 1.00 0.01
IB-IIB NE*
A IV NE
Diagnosis Clear Cell 1.00 0.001
Endometrioid 0.36 (0.08-1.6)
Serous 0.39 (0.05-2.8)
Other 1.7 (0.36-7.7)
EMP2 =) 1.0 0.02
+) 2.6 (1.2-5.6)

*NE: Not Estimable

FAll of the variables are statistically significant, however when entered into a multivariate
model the three that remain significant are PR, Diagnosis, and EMP2.

EMP2 (+) tumors were numerically (but not significantly)
increased as a percent of higher stage patients (58%) than
EMP2 (-) patients (37%). From the Kaplan-Meier estimates,
there was a significant difference in survival status for EMP2
(+) and (-) p=0.06. Likewise, there was significant difference
in disease status (p=0.004). When EMP2 was entered into a
multivariate overall survival model, this was no longer sig-
nificant (Table 6). Those variables that remained significant
were ER expression, diagnosis, and vascular involvement.
EMP2 remained significant in a multivariate disease-free sur-
vival model with stage and diagnosis (Table 7).

These results show that EMP2 expression can function as a
biomarker for endometrial cancer, both as a surrogate for
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established clinical disease parameters (ER expression,
tumor category, and vascular involvement), and as an inde-
pendent marker refining prediction of disease-free survival
regardless of stage and diagnosis.

Example 2

Phage Display Generated Antibodies

Phage display, first established by Smith et al in 1985, has
provided an in vitro immune system which can be used to
create high affinity antibodies to virtually any antigens with a
bare minimal recognition region (Bradbury, A. R & Marks, J.
D., J Immunol Methods (2004) 290:29-49; Marks, J. D. &
Bradbury, A., Methods Mol Biol (2004) 248:161-76; Pavlik,
P. et al., Hum Antibodies (2003) 12:99-112; Persic, L. et al.,
FEBS Lett (1999) 443:112-6; Smith, G. P., Science (1985)
228:1315-7). Selection of antibody using phase antibody
libraries with filamentous phase and phagemids mimics
humoral immune system that lack cell-mediated responses.
Thus, generation of purified antibodies with affinities com-
parable to ones made by conventional hybridoma technology
can be achieved without complications such as self-tolerance,
T cell help and antigen presentation (Bradbury, A. R. &
Marks, J. D., ] Immunol Methods (2004) 290:29-49; Pavlik,
P. et al., Hum Antibodies (2003) 12:99-112).

For the selection of antibodies against mouse and human
epithelial membrane protein-2 (mEMP2 and hEMP2 respec-
tively), a purified phage antibody library expressing a single
chain Fv(scFv) with the two V regions linked with a flexible
linker was used (Bird, R. E. & Walker, B. W., Trends Biotech-
nol (1991) 9:132-7; Huston, J. S. et al., Proc Natl Acad Sci
USA (1988) 85:5879-83). V genes were derived from natu-
rally rearranged V regions found in B-cells and scFv is
expressed on plll, a bacteriophage coat protein.

20 amino acid sequences from the extracellular loop of
mEMP2 and hEMP2 that were previously used for polyclonal
antibody production were chosen for antigen targets for the
phage display (Wang, C. X. et al., Blood (2001) 97:3890-5).
Successful scFv isolation against 20-mer peptide has been
previously reported (Persic, L. et al., FEES Lett (1999) 443:
112-6; Griffiths, A. D. et al., Embo J (1993) 12:725-34), in
order to maintain natural conformation, these peptides were
biotinylated at C- and N-termini with 4 amino acid long
linkers (GSGS (SEQ ID NO:2)). 3 rounds of selection using
streptavidin and avidin-coated beads were carried out for
each sample to isolate high affinity antibodies as previously
described (Marks, J. D. & Bradbury, A., Methods Mol Biol
(2004) 248:161-76). Input and output concentrations of
phage antibody libraries and values for recovery and enrich-
ment for each round are calculated and shown below (Tables

8-11
TABLE 8
N-termini (human)
(N-hEMP2)
R1 R2 R3
Input 10%2 10%2 3x 10
Output 107 1.1x 108 7.8 x 108
Recovery 107° 1.1x107* 2.6x 1073
Enrichment 11 23.6
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TABLE 9
C-termini (human)
(C-hEMP2)
R1 R2 R3
Input 1012 1012 2x 10!
Output 107 8 x 107 2.1x 108
Recovery 1072 8 x 107> 1.1x 1073
Enrichment 8 13.1
TABLE 10
N-termini (mouse)
(N-mEMP2)
R1 R2 R3
Input 1012 1.8x 10 3.4x 103
Output 6x 10° 10* 3.6 x 108
Recovery 6x 1077 5.6x 1077 1.1x107°
Enrichment 0.9 19.0
TABLE 11
C-termini (mouse)
(C-mEMP2)
R1 R2 R3
Input 10'2 7.5 x 10° 6.5 x 1012
Output 2% 107 5.2x 10¢ 7.0 x 10°
Recovery 2x107° 2.7x 107 1.1x 1077
Enrichment 13.5 4x 107

Specificity of selected antibodies were tested by ELISA, in
which 95 colonies picked from the isolated phage populations
were incubated with bound mEMP2/hEMP2 peptides on
streptavidin coated plates (FIGS. 11-13). Most of colonies
showed a 4-5 fold increase in reactivity compared to control,
indicating their high specificity against antigens. N-mEMP2
samples failed to show high reactivity, only C-mEMF2
samples were used for further identification of anti-mEMP2
antibodies.

Of'these highly reactive colonies, 14 colonies/sample were
chosen for DNA fingerprinting and subsequent DNA
sequence analysis. There were three unique sequences found
in hEMP2 antibodies and five were found in mEMP2 anti-
bodies. Protein expression and purification system have been
developed for each antibody using His containing expression
vectors (such vectors are well known in art and are available
commercially).

The scFvs can be fused to intact Fe region containing C,1,
C.2 and/or C,,3 domains to produce intact chimeric antibody
(Kenanova, V. et al., Cancer Res (2005) 65:622-31). (See,
e.g., FIG. 14).

Such Fe-fused antibodies not only stabilize the antibodies,
almost to a degree to natural antibodies (Slavin-Chiorini,
D.C. etal., Cancer Res (1995) 55:5957s5-5967s; Xu, X. et al.,
Cancer Res (2000) 60:4475-84), but also allows detection of
antibodies with anti-Fc secondary antibodies conjugated with
detectable markers. Thus, such antibodies provide strong bio-
chemical and therapeutic tools by producing highly purified
stable anti-EMP2 antibodies with increased specificity.

All references recited are herein incorporated by reference,
in their entirety. Further, although the invention has been
described with reference to the above examples, it will be
understood that modifications and variations are encom-
passed within the spirit and scope of the invention. Accord-
ingly, the invention is limited only by the following claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 1

Glu Asp Ile His Asp Lys Asn Ala Lys Phe Tyr Pro Val Thr Arg Glu

1 5 10

Gly Ser Tyr Gly
20

<210> SEQ ID NO 2

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 2

Gly Ser Gly Ser
1

<210> SEQ ID NO 3

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 3

15

Gly Ser Thr Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Gly

1 5 10

Ser Ser

15

We claim:
1. A method for determining the likelihood of a non-can-
cerous endometrial cell becoming cancerous, comprising:
determining the level of expression of epithelial membrane
protein 2 (EMP2) in a test sample comprising the non-
cancerous endometrial cell, wherein increased levels of
expression of EMP2 in the non-cancerous endometrial
cell relative to a control level correlates with the
endometrial cell having an increased likelihood of
becoming cancerous,
wherein the level of expression is determined using an
anti-epithelial membrane protein 2 (EMP2) antibody or
antigen binding fragment thereof that binds to the amino
acid sequence as set forth in SEQ ID NO: 1.
2. The method of claim 1, wherein the determining com-
prises performing Western blotting, protein gel electrophore-
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sis, immunoprecipitation, ELISA, and/or immunohistochem-
istry.

3. The method of claim 2, comprising performing immu-

nohistochemistry on a group of non-cancerous endometrial
cells using the anti-epithelial membrane protein 2 (EMP2)
antibody or antigen binding fragment thereof; and

determining the binding of the antibody or antigen binding
fragment thereof to the non-cancerous endometrial
cells, wherein an increased amount of antibody or anti-
gen-binding fragment thereof bound to the non-cancer-
ous endometrial cells relative to a control level correlates
with the non-cancerous endometrial cells having an
increased likelihood of becoming cancerous.

#* #* #* #* #*



